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ABSTRACT 

PROBLEM TO BE SOLVED: To improve the field effect mobility by forming an 
active layer so that its grain boundaries are oriented in substantially one 
direction and formed as a crystal structure of aggregated acicular or 
columnar crystals approximately parallel to a substrate. 



SOLUTION: The configuration of an active layer is important. At 
crystallizing e.g. acicular or columnar crystals grow approximately in one 
direction to an Ni -added region 302. An island like semiconductor 304 is 
configured to arrange channels and the crystal grain boundary of the 
acicular or columnar crystals substantially in one direction. An a 
post-process, it is heat-treated in a halogen atmosphere to remove a metal 
element e.g. Ni in the active layer to reduce the Ni concentration to 



1X10 (sup 16) -5X10 (sup 17) atoms/cm (sup 3). The standard deviation of the 
S-value showing electric characteristics of a TFT can remain within 
10mV/dec in an n-type and within 15mV/dec in a p-channel type. 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the field 
effect mobility by forming an active layer so that its 
grain boundaries are oriented in substantially one 
direction and formed as a crystal structure of 
aggregated acicular or columnar crystals 
approximately parallel to a substrate. 
SOLUTION: The configuration of an active layer is 
important. At crystallizing e.g. acicular or columnar 
crystals grow approximately in one direction to an 
Ni-added region 302. An island like semiconductor 

304 is configured to arrange channels and the crystal grain boundary of the 
acicular or columnar crystals substantially in one direction. An a post-process, it 
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is heat-treated in a halogen atmosphere to remove a metal element e.g. Ni in the 
active layer to reduce the Ni concn. to 1x1016-5x1017 atoms/cm3. The standard 
deviation of the S-value showing electric characteristics of a TFT can remain 
within 10mV/dec in an n-type and within 15mV/dec in a p-channel type. 
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CLAIMS 
[Claim(s)] 

[Claim 1] The barrier layer which becomes by the crystalline silicon film formed on the 
base which has an insulating front face, The gate insulator layer formed in the 
aforementioned barrier-layer front face, and the gate electrode on the aforementioned 
gate insulator layer, ** — metallic element which is the insulated-gate type 
semiconductor device which it has even if few, and promotes crystallization in the 
aforementioned barrier layer It exists by the concentration of 1x1016 -5x1017 
atoms/cm3. The semiconductor device to which standard deviation of the S value 
showing an electrical property is characterized by fitting in less than 1 5 m V/dec in less 
than 10 m V/dec and/or a P channel type with an N channel type. 

[Claim 2] The barrier layer which becomes by the crystalline silicon film formed on the 
base which has an insulating front face, The gate insulator layer formed in the 
aforementioned barrier- layer front face, and the gate electrode on the aforementioned 
gate insulator layer, ** — metallic element which is the insulated-gate type 
semiconductor device which it has even if few, and promotes crystallization in the 
aforementioned barrier layer It exists by the concentration of 1x1016 - 5x1017 
atoms/cm3. The semiconductor device characterized by settling the S value showing an 
electrical property in less than 80**45 m V/dec with an N channel type in less than 
80**30 mV/dec and/or a P channel type. 

[Claim 3] The barrier layer which becomes by the crystalline silicon film formed on the 
base which has an insulating front face, The gate insulator layer formed in the 
aforementioned barrier- layer front face, and the gate electrode on the aforementioned 
gate insulator layer, ** — metallic element which becomes with the structure which it had 
even if few, and promotes crystallization in the aforementioned barrier layer It exists by 
the concentration of 1x1016 - 5x1017 atoms/cm3. And the semiconductor device 
characterized by for the standard deviation of the S value showing an electrical property 
having the insulated-gate type semiconductor device settled in less than 1 5 mV/dec, and 
consisting of N channel types with less than 10 mV/dec and/or a P channel type. 
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[Clairh-4] The barrier layer which becomes by the crystalline si^con film formed on the 
base-which has an insulating front face, The gate insulator layer formed in the 
aforementioned barrier- layer front face; and the gate electrode on the aforementioned 
gate insulator layer, ** - metallic element which becomes with the structure which it had 
even if few, and promotes crystallization in the aforementioned barrier layer It exists by 
the concentration of 1x1016 - 5x1017 atoms/cm3. And the semiconductor device 
characterized by for the S value showing an electrical property having the insulated-gate 
type semiconductor device settled in less than 80**45 mV/dec, and consisting of N 
channel types with less than 80**30 mV/dec and/or a P channel type. 
[Claim 5] It is the semiconductor device characterized by consisting of thermal oxidation 
films which the aforementioned gate insulator layer oxidized thermally the oxide film and 
the aforementioned barrier layer which formed membranes by the gaseous-phase method 
in the claim 1 or the claim 4, and were obtained. 

[Claim 6] The semiconductor device characterized by the metallic element which 
promotes crystallization to high concentration existing in the aforementioned thermal 
oxidation film in a claim 5 rather than the inside of the oxide film which formed 
membranes by the describing [ above ] gaseous-phase method. 
[Claim 7] a claim 1 or a claim 4 - setting ~ the aforementioned barrier layer - the 
aforementioned base and an outline - the parallel crystal structure object with which 
needle like or a columnar crystal is constituted by gathering - it is ~ the above - 
needlelike or the semiconductor device characterized by being controlled so that a 
columnar crystal gathers in the outline 1 direction, and extends and the directivity has a 
specific angle to the direction of a channel 

[Claim 8] a claim 1 or a claim 4 - setting ~ the aforementioned barrier layer - the 
aforementioned base and an outline - the parallel crystal structure object with which 
needlelike or a columnar crystal is constituted by gathering - it is - the above - 
needlelike or the semiconductor device characterized by being controlled so that a 
columnar crystal gathers in the outline 1 direction, and extends and the directivity carries 
out outline coincidence with the direction of a channel 

[Claim 9] The process which forms a thermal oxidation film in the interface of the 
aforementioned barrier layer and the aforementioned gate insulator layer while carrying 
out gettering removal of the aforementioned metallic element in the aforementioned 
barrier layer by performing 2nd heat-treatment into the atmosphere characterized by 
providing the following, The process which improves the membraneous quality of the 
aforementioned gate insulator layer which includes the aforementioned thermal oxidation 
film by 3rd heat-treatment in nitrogeri-gas-atmosphere mind, and the state of an interface, 
** — even if few, pass -- it produces — having — the aforementioned barrier layer -- the 
grain boundary - outline 1 direction - a set and the aforementioned base, and an outline 
— the parallel semiconductor device characterized by needlelike or being the crystal 
structure object with which a columnar crystal is constituted by more than one gathering 
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The process which forms ai. amorphous silicon film on the basl vvhich has an insulating 
frpnt face. The process which forms a mask insulator layer alternatively on the 
aforementioned amorphous silicon film. The process which malces the metallic element 
which promotes crystallization to the aforementioned amorphous silicon film hold 
alternatively. The process which carries out conversion of some aforementioned 
amorphous silicon films [ at least ] to a crystalline silicon film by 1st heat-treatment, the 
process which removes the aforementioned mask insulator layer, the process which forms 
the barrier layer constituted only from an aforementioned crystalline silicon film by 
patterning, the process which forms a gate insulator layer on the aforementioned barrier 
layer, and a halogen. 

[Claim 10] It is the semiconductor device characterized by performing 1st heat-treatment 
by the temperature requirement of 450 - 700 **, and performing the 2nd or 3rd heat- 
treatment by the temperature requirement exceeding 700 ** in a claim 9. 
[Claim 1 1] In a claim 9, the metallic element which promotes crystallization in the 
aforementioned barrier layer 1x1016 - 5x1017 atoms/cm3 Semiconductor device to 
which standard deviation of the S value which exists by concentration and expresses an 
electrical property is characterized by fitting in less than 15 mV/dec in less than 10 
mV/dec and/or a P channel type with an N channel type. 

[Claim 12] In a claim 9, the metallic element which promotes crystallization in the 
aforementioned barrier layer 1x1016 - 5x1017 atoms/cm3 Semiconductor device 
characterized by settling the S value which exists by concentration and expresses an 
electrical property in less than 80**45 mV/dec with an N channel type in less than 
80**30 mV/dec and/or a P channel type. [Claim 13] Setting to a claim 1, a claim 4, a 
claim 7, or a claim 9, the length of the channel formation field of the aforementioned 
barrier layer is 0.01-2. Semiconductor device characterized by being mum. 
[Claim 14] In a claim 1, a claim 4, a claim 7, or a claim 9, a kind or two or more kinds of 
elements which were chosen from CI, F, and Br in the aforementioned barrier layer 
1x1015 - 1x1020 atoms/cm3 Semiconductor device characterized by existing by 
concentration. 

[Claim 15] It is the semiconductor device which a kind or two or more kinds of elements 
which were chosen from CI, F, and Br are contained in the aforementioned barrier layer 
in a claim 1, a claim 4, a claim 7, or a claim 9, and is characterized by distributing the 
aforementioned element over high concentration at the interface of the aforementioned 
barrier layer and the aforementioned gate insulator layer. 

[Claim 16] The semiconductor device characterized by the metallic element which 
promotes the aforementioned crystallization being a kind or two or more kinds of 
elements which were chosen from Fe, Co, nickel, Ru, Rh, Pd, Os, Ir, Pt, Cu, and Au in a 
claim 1, a claim 4, a claim 6, or a claim 9. 

[Claim 17] It is the semiconductor device characterized by for the aforementioned 
crystalline silicon film crystallizing the amorphous silicon film which formed membranes 
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by reduced pressure heat C , D in a claim 1, a claim 4, or a clai^ 9, and being obtained. 
[Claim 18] The process which forms a thermal oxidation film in the interface of the 
aforementioned barrier layer ancl the aforementioned gate insulator layer while carrying 
out gettering removal of the aforementioned metallic element in the aforementioned 
barrier layer by performing 2nd heat-treatment into the atmosphere characterized by 
providing the following, The process which improves the membraneous quality of the 
aforementioned gate insulator layer which includes the aforementioned thermal oxidation 
film by 3rd heat-treatment in nitrogen-gas-atmosphere mind, and the state of an interface, 
** — even if few ~ having — the aforementioned barrier layer — the grain boundary - 
outline 1 direction - a set and the aforementioned base, and an outline ~ the production 
method of the parallel semiconductor device characterized by needlelike or being the 
crystal structure object with which a columnar crystal is constituted by more than one 
gathering The process which forms an amorphous silicon film on the base which has an 
insulating front face in producing the semiconductor device which has the barrier layer 
which becomes by the semiconductor thin film. The process which forms a mask 
insulator layer alternatively on the aforementioned amorphous silicon film. The process 
which makes the metallic element which promotes crystallization to the aforementioned 
amorphous silicon film hold alternatively. The process which carries out conversion of 
some aforementioned amorphous silicon films [ at least ] to a crystalline silicon film by 
1st heat-treatment, the process which removes the aforementioned mask insulator layer, 
the process which forms the barrier layer constituted only from an aforementioned 
crystalline silicon film by patterning, the process which forms a gate insulator layer on 
the aforementioned barrier layer, and a halogen. 

[Claim 19] The process which forms the gate insulator layer which consists of only 
thermal oxidation films while carrying out gettering removal of the aforementioned 
metallic element in the aforementioned barrier layer by performing 2nd heat- treatment 
into the atmosphere characterized by providing the following, The process which 
improves the membraneous quality of the aforementioned gate insulator layer, and the 
state of an interface by 3rd heat-treatment in nitrogen-gas-atmosphere mind, ** — even if 
few -.- having - the aforementioned barrier layer - the grain boundary - outline 1 
direction - a set and the aforementioned base, and an outline - the production method of 
the parallel semiconductor device characterized by needlelike or being the crystal 
structure object with which a columnar crystal is constituted by more than one gathering 
The process which forms an amorphous silicon film on the base which has an insulating 
front face in producing the semiconductor device which has the barrier layer which 
becomes by the semiconductor thin film. The process which forms a mask insulator layer 
alternatively on the aforementioned amorphous silicon film. The process which makes 
the metallic element which promotes crystallization to the aforementioned amorphous 
silicon film hold alternatively. The process which carries out conversion of some 
aforementioned amorphous silicon films [ at least ] to a crystalline silicon film by 1st 
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heat-treatment, the process 1 ach removes the aforementioned' ask insulator layer, the 
process which forms the barrier layer constituted only from an aforementioned crystalline 
silicon film by patterning, and a halogen. • 

[Claim 20] It is the production method of the semiconductor device characterized by 
basing the membrane formation method of the aforementioned amorphous silicon film on 
reduced pressure heat CVD in a claim 18 or a claim 19. 

[Claim 21] The production method of the semiconductor device characterized by using a 
kind or two or more kinds of elements which were chosen from Fe, Co, nickel, Ru, Rh, 
Pd, Os, Ir, Pt, Cu, and Au in the claim 18 or the claim 19 as a metallic element which 
promotes crystallization. 

[Claim 22] The atmosphere which contains a halogen in a claim 18 or a claim 19 is HCl, 
HF, HBr, C12, CIF3, BC13, NF3, F2, and Br2 in oxygen atmosphere. The production 
method of the semiconductor device characterized by adding a kind or two or more kinds 
of gas chosen from the included compound. 

[Claim 23] It is the production method of the semiconductor device characterized by 
performing 1st heat-treatment by the temperature requirement of 450 - 700 **, and 
performing the 2nd or 3rd heat-treatment by the temperature requirement exceeding 700 
** in a claim 18 or a claim 19. 



[Translation done.] 
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DETAIL ED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Invention indicated on these 
specifications relates to the semiconductor device which makes a barrier layer the 
semiconductor thin film formed on the base which has an insulating front face. It is 
related with the TFT which constituted the barrier layer from a crystalline silicon film 
especially. 
[0002] 

[Description of the Prior Art] In recent years, the technology which constitutes TFT 
(TFT) using the semiconductor thin film (number of thickness 100- about thousands ofA) 
formed on the base which has an insulating front face attracts attention. TFT is widely 
applied to an electron device like IC or electro-optics equipment, and development is 
especially hurried as a switching element of image display equipment. 
[0003] For example, the attempt which applies TFT to all electrical circuits, such as a 
pixel matrix circuit which controls separately the pixel field arranged in the shape of a 
matrix in the liquid crystal display, a drive circuit which controls a pixel matrix circuit, 
and logical circuits (a processor circuit, memory circuit, etc.) which process the data 
signal from the outside further, is made. 

[0004] In the present condition, although TFT using the amorphous silicon film 
(amorphous silicon film) as a barrier layer is put in practical use, TFT using the 
crystalline silicon film (polysilicon contest film) is needed for the electrical circuit which* 
can ask for the further high-speed operation performance like a drive circuit or a logical 
circuit. 

[0005] The technology indicated by JP,6-232059,A by these people and JP,6-244103,A 
as a method of forming a crystalline silicon film on a base is well-known. The technology 
indicated by this official report makes it possible to form the crystalline outstanding 
crystalline silicon film by 500 - 600 ** and heat-treatment of about 4 hours by using the 
metallic element (especially nickel) which promotes crystallization of silicon. 
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[0006 J moreover, the technology indicated by JP, 7-3 21 33 9, A - the above-mentioned 
technology — applying — a base ~ an outline ~ it is made to perform an parallel crystal 
growth and artificers are calling especially the formed crystallization field horizontal 
growth field (or lateral growth field) 

[0007] However, even if it constitutes a drive circuit using such TFT, it is not necessary 
to fill completely the performance demanded still more. Especially the thing for which 
the high-speed logical circuit of which the very highly efficient electrical property which 
realizes simultaneously high-speed operation and a high proof-pressure property is 
required is constituted from conventional TFT is impossible for the present condition. 
[0008] 

[Problem(s) to be Solved by the Invention] As mentioned above, in order to attain highly 
efficient-ization of electro-optics equipment etc., you have to realize TFT which has the 
performance which is equal to MOSFET formed using the single crystal silicon wafer. 
[0009] Then, invention indicated on these specifications makes it a technical problem to 
offer the very highly efficient thin-film-semiconductor equipment used as the 
breakthrough for realizing further highly efficient-ization of electro-optics equipment, 
and its production method. 
[0010] 

[Means for Solving the Problem] By the conventional method, it is possible that 
improvement in the electric field effect mobility which is one of the parameters with 
which capture is carried out and a carrier (an electron or electron hole) shows a TFT 
property in the grain boundary as a reason which was not able to obtain the above highly 
efficient TFT was barred. 

[001 1] For example, much azygos joint hands (dangling bond) of a silicon atom and 
defective (capture) level exist in the grain boundary. Therefore, since the trap of it will be 
easily carried out to an azygos joint hand, defective level, etc. if the carrier which moves 
in each interior of a crystal approaches or contacts the grain boundary, it is thought that 
the grain boundary was served as "the malignant grain boundary" which checks 
movement of a carrier: 

[0012] In order to realize the semiconductor device of this invention, the technology for 
making such "the malignant grain boundary" change structurally, and carrying out 
conversion to "the benign grain boundary" for a carrier is indispensable. That is, it can be 
said that it is important that the probability of capturing a carrier at least forms the grain 
boundary with possibility it is small and small of barring movement of a carrier. 
[0013] Therefore, the composition of invention indicated on these specifications The 
process which forms an amorphous silicon film on the base which has an insulating front 
face in producing the semiconductor device which has the barrier layer which becomes 
by the semiconductor thin film, The process which forms a mask insulator layer 
alternatively on the aforementioned amorphous silicon film, and the process which makes 
the metallic element which promotes crystallization to the aforementioned amorphous 
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silicon" film hold alternative^, The process which carries out conversion of some 
aforementioned amorphous silicon films [ at least ] to a crystalline silicon film by l_st 
heat-treatment, The'process which removes the aforementioned mask insulator layer, and 
the process which forms the barrier layer constituted only from an aforementioned 
crystalline silicon film by patterning, The process which forms a thermal oxidation film 
in the interface of the aforementioned barrier layer and the aforementioned gate insulator 
layer while carrying out gettering removal of the aforementioned metallic element in the 
aforementioned barrier layer by performing 2nd heat-treatment into the process which 
forms a gate insulator layer on the aforementioned barrier layer, and the atmosphere 
containing a halogen, The process which improves the membraneous quality of the 
aforementioned gate insulator layer which includes the aforementioned thermal oxidation 
film by 3rd heat-treatment in nitrogen-gas-atmosphere mind, and the state of an interface, 
** — even if few — having ~ the aforementioned barrier layer - the grain boundary ~ 
outline 1 direction ~ a set and the aforementioned base, and an outline — it is 
characterized by the parallel thing been needlelike or the crystal structure object with 
which a columnar crystal is constituted by more than one gathering 
[0014] If a crystalline silicon film is formed by the production method according to the 
above composition, the thin film of appearance as shown in drawing 9 will be obtained, 
an expansion microphotography when drawing 9 carries out this invention using 
technology given in JP,7-321339,A as a crystallization means of an amorphous silicon 
film — it is — 10-100 length - the horizontal growth field 901 which also amounts to 
dozens of micrometers is formed 

[0015] In addition, this horizontal growth field 901 has needlelike or the feature that 
crystal orientation has gathered, in order that the columnar crystal may carry out the 
crystal growth to outline parallel almost perpendicularly and mutually to the field (shown 
by 902) which added the metallic element which promotes crystallization. Moreover, the 
macroscopic grain boundary (it distinguishes from the grain boundary between needlelike 
or a columnar crystal) which has been prolonged from the addition field 902 which faced 
each other and in which needlelike or the columnar crystal collided and was formed is 
shown by 903. 

[0016] Furthermore, the transverse-electromagnetic photograph to which the interior of 
crystal grain was further expanded to the detailed field paying attention to the interior of 
the horizontal growth field shown in dLawing.9 is drawing 10 . 

[0017] That is, although the crystalline silicon film of this invention looks [ consist of / 
big horizontal growth fields 901 / like drawjng_9 ] macroscopic, if the horizontal growth 
field 901 is observed microscopically in fact, as shown in drawing 10 , they are 
needlelike or the crystal structure object with which a columnar crystal 1001 is 
constituted by more than one gathering. 

[0018] moreover, that it is needle like that drawing 10 is shown by 1002 needlelike from 
the direction where it is the grain boundary which shows the boundary of columnar 
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crystals, and the grain boundary 1002 is prolonged or a columnar crystal 1001 ~ mutual - 
- an outline -- it can check having carried out the crystal growth in the parallel direction 
In addition, the grain boundary in this specification points out the boundary of needlelike 
or columnar crystals, as long as there is no notice. 

[0019] moreover, gettering removal of the metallic element (let nickel be the main 
example) which promotes crystallization by heat-treatment by the atmosphere in which 
the semiconductor device of this invention contains a halogen is carried out -5x1017 
atoms/cm3 Nickel which remained by the above concentration 1x1016-5x1017 
atoms/cm3 (preferably below the spin density in a barrier layer) decrease. 
[0020] Of course, it is thought that gettering removal also of the metallic elements (Cu, 
aluminum, etc.) besides having mixed by contamination etc. (it not adding intentionally) 
is carried out similarly. 

[0021] Moreover, it is expected at this time that it combines with oxygen and the azygos 
joint hand of a silicon atom forms an oxide (oxidization silicon) between heat-treatment. 
Consequently, oxidization silicon is formed in the field which was "the malignant grain 
boundary", and it is thought that it becomes the composition that oxidization silicon 
functions as the grain boundary substantially. 

[0022] Thus, it is surmised that the formed grain boundary 1002 will be in the state 
excellent in the adjustment in which the interface of oxidization silicon and crystal silicon 
hardly includes a lattice defect. This is because the silicon atom between grids which 
causes a defect by the synergistic effect of process in which oxidization silicon is formed 
of thermal oxidation, and process in which the reunion of silicon atoms or a silicon atom, 
and an oxygen atom is promoted by the catalysis of nickel is consumed. 
[0023] That is, the grain boundary shown by 1002 in drawing_l_0 does not almost have a 
defect which captures a carrier, and it is thought that it acts as "the benign grain 
boundary" which functions only as an energy-[ only ]-needlelike or obstruction for the 
carrier which moves in the interior of a columnar crystal. 

[0024] Moreover, since, as for such the grain boundary, a thermal oxidation reaction 
advances preferentially, a thermal oxidation film is formed more thickly than other fields. 
Therefore, it is surmised that it may become an energy-[ the gate voltage impressed near 
the grain boundary is small seemingly, and / a bird clapper ] obstruction. 
[0025] Moreover, since thjs^at-treamient> performed at the comparatively high 
temperature exceeding 700^"*1(typicalTy^60-l 100 degrees C), needlelike or a crystal 
defect called the transposition and the stacking fault which exist in the interior of a 
columnar crystal will disappear mostly. Furthermore, termination of the azygos joint 
hand of the silicon atom which remained is carried out by hydrogen and the halogen 
which are contained in a film. 

[0026] Therefore, this invention persons define the field inside two or more needlelike or 
columnar crystals as "a field it can be considered that is a single crystal substantially for a 
carrier" in the state which shows in drawing 10 obtained as mentioned above. 
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[0027] It means that there is no obstruction which a carrier faces moving, saying "it can 
be regarded as a single crystal substantially for a carrier", and bars movement of a carrier, 
and is put in another way as that there is neither a crystal defect nor k grain boundary, the 
potential barrier which serves as an obstruction in energy not existing, etc. 
[0028] The highly efficient semiconductor device which is sufficient for this invention 
constituting the barrier layer of the semiconductor device represented by TFT using the 
crystalline silicon film which becomes with the above composition, and constituting a 
drive circuit and a logical circuit is realized. 

[0029] Suppose that it has in the example indicated below about the composition of the 

above this inventions, and detailed explanation is given. 

[0030] 

[Example] 

[Example 1] this example shows the example which used the crystalline silicon film 
formed according to the production method of this invention as a barrier layer of TFT 
(TFT). Being shown in drawing 1 is one example of the production process of TFT. 
[003 1] In addition, the crystallization means of the amorphous silicon film used by this 
example is the technology indicated by JP,7-321339,A. Therefore, in this example, since 
it stops to indicate the outline, it is good to refer to the aforementioned official report for 
details. 

[0032] The base 101 which has an insulating front face first is prepared. In this example, 
the oxidization silicon film 102 is formed in thickness of 2000 A as a ground film on a 
quartz substrate. What is necessary is just to use reduced pressure heat CVD, a plasma 
CVD method, a spatter, etc. as the membrane formation method of the oxidization silicon 
film 102. : _ 

[0033] In addition, in case an amorphous silicon film is crystallized behind, research of 
this invention persons shows that the crystailinity of the crystalline silicon film with 
which the one where a ground film is more precise is obtained is good. To moreover, the 
inside of a film 5x1017-2x1019 atoms/cm3 It is desirable when oxygen is contained. 
The oxygen contained in the film plays a role important in the case of gettering 
processing of the metallic element which promotes next crystallization. 
[0034] Next, it is the amorphous silicon film 103 200-1000A (this example 350 **) 
Membranes are formed by reduced pressure heat CVD in thickness. What is necessary is 
just to use silane system gas (SiH4, Si2H6, Si3H8, etc.) as membrane formation gas. In 
addition, the amorphous silicon film which formed membranes by reduced pressure heat 
CVD has a small rate of natural karyogenesis in the case of next crystallization. This 
thing is desirable, when enlarging horizontal growth width of face, since the rate each 
crystal carries out [ a rate ] a mutual interference (it collides and growth stops) decreases. 
[0035] Of course, it is also possible as the membrane formation method of the amorphous 
silicon film. 103 to use a plasma CVD method, a spatter, etc. 

[0036] Next, the oxidization silicon film 104 with a thickness of 500-1200A is formed by 
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the plasma CVD method or the spatter, and etching removal only of the field which 
introduces the metallic element which promotes crystallization behind is carried out 
alternatively. That is, this oxidization silicon film 104 functions as a mask insulator layer 
for introducing nickel alternatively to the amorphous silicon film 103. 
[0037] The field 105 exposed with the oxidization silicon film 104 is formed in the 
direction perpendicular to space in the shape of [ which has a longitudinal direction ] a 
slit. (Drawing 1 (A)) ~~zzr — - ^. 

[0038] Next, UV light is iffad late<Einto oxygen atmosphere and a very thin oxide film 
(not shown) is formed in the front face of the amorphous silicon film 103 exposed by the 
field 105. This oxide film is for improving the wettability of a solution at the solution 
application process at the time of introducing the metallic element which promotes 
crystallization behind. 

[0039] In addition, although a kind or two or more kinds of elements which were chosen 
from Fe, Co, nickel, Ru 5 Rh, Pd, Os, Ir, Pt, Cu, and Au are used as a metallic element 
which promotes crystallization, this example explains taking the case of nickel (nickel). 
[0040] Next, predetermined concentration (at this example, it is 100 ppm by weight 
conversion) Th^rilcD^ nickel acetate solution) containing nickel is 

dropped, and the thin water screen 106 which contained nickel by the spin coat method is 
formed. The nickel concentration added in an amorphous silicon film is easily 
controllable by adjusting the concentration of a nickel salt solution in a solution 
application process. (Drawing 1 (B)) 

[0041] Next, in 500 after performing ; 450 ^ **^^hydrogen **** of about 1 hour into an 
inert atmosphere^^Ot^**;"^ target, it is at the temperature of 550 - 600 

**. 4-8 Heat-treatment (1st heat- treatmen t) of time is added, and the amorphous silicon 
film 103 is crystallized. In this way, the crystalline silicon film 107 is obtained. (Drawing 
1(C)) 

[0042] this time - that a crystal growth is needlelike or a columnar crystal — a substrate - 

- an outline — it goes on in the parallel direction Since the field where it is shown by 105 
in the case of this example serves as [ of the drawing ] the shape of a slit which has a 
longitudinal direction in the **** direction from this side, as shown by the arrow 108, a 
crystal growth advances toward outline 1 direction. At this time, it can be made to 
perform a crystal growth over hundreds of micrometers or more. 

[0043] In addition, a nickel addition field is shown by 109 and it contains nickel by high 
concentration compared with the horizontal growth field 107. The crystallinity of the 
field is not so good, in order that a crystalline nucleus may crowd too much and may 
carry out the crystal growth of the addition field 109. Therefore, the barrier layer formed 
behind consists of fields except the addition field 109. 

[0044] Next, if the heat-treatment for crystallization is completed, the oxidization silicon 
film 104 used as the mask insulator layer for adding nickel alternatively will be removed. 
This process is easily performed by buffered fluoric acid etc. 

http://w^^-4.ipdLjpo.gojp/cgi-bin/tran_web_cgi_ejje 6/23/03 



«M >QjJ Page / or 2y 

[0045]In addition, you may give laser annealing by th e_excim er laser to the back be fore 
heat-_r_^tme.atJnJfceJi^ 

107? However, although the crystallinity of a crystalline silicon film carl improve by laser 
radiation, since irregularity is easy to be formed in a silicon film front face, cautions are 
required. 

[0046] Next, the barrier layer 1 10 which carries out patterning of the obtained crystalline 
silicon film 107, and functions as a barrier layer of TFT later is formed. In addition, in 
this invention, arrangement of a barrier layer is important. About that, it mentions later. 
[0047] It is the gate insulator layer 1 1 1 which will come by the oxidization silicon film 
on a barrier layer 1 10 if a barrier layer 110 is formed 200- 1500 A (this example 300 **) 
Membranes are formed in thickness. The membrane formation method of the gate 
insulator layer 1 1 1 should just use gaseous-phase methods, such as a plasma CVD 
method, heat CVD, and a spatter. 

[0048] Moreover, a silicon nitride film and an oxidization silicon nitride film may be 
used instead of an oxidization silicon film, or the laminating of those insulator layers may 
be carried out, and they may be used. ^ 

[0049] Next, it heat-tre~ats-m1t^^ It 
aims at that this heat-treatment removes the metallic elementlrTaTjarrTer layer 1 10 
(especially nickel) using the gettering effect of the metallic element by the halogen to the 
1st. (Drawing 1 (D)) 

[0050] In order to acquire the effect, it is important for the heat-treatment for this 
gettering to carry out at the temperature exceeding 700 **. At the temperature not more 
than it, there is a possibility that the gate insulator layer 1 1 1 may serve as a blocking 
layer, and cannot acquire sufficient gettering effect. 

[0051] Therefore, it carries out at the temperature exceeding 700 **, and considers as 
800-1000 degrees C (typically 950 **) preferably, and the temperature requirement of 
this heat-treatment is the processing time. You may be 0.5 - 1 hour typically for 0. 1 to 6 
hours. 

[0052] In addition, in this example, 950 ** and heat-treatment for 30 minutes are 
performed into the atmosphere which made the hydrogen chloride (HC1) contain [ be / 
under / oxygen (02) atmosphere / receiving / it ] by the concentration of 0.5 - 10 volume 
%. In addition, if HC1 concentration is carried out to more than the above-mentioned 
concentration, since irregularity of the same grade as thickness arises on the film front 
face of a crystalline silicon film, it is not desirable. 

[0053] moreover - although the compound was carried out and the example containing a 
halogen using HCl gas was shown by this example - as the other gas ~ HF, NF3, HBr, 
C12, C1F3, BC13, F2, and Br2 etc. - a kind or two or more sorts of things chosen from the 
compound containing a halogen can be used Moreover, generally the hydride or the 
organic substance (charcoal hydride) of a halogen can also be used. 
[0054] In this process, gettering of needlelike or the nickel which segregated to the grain 
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boundary of a columnar crystal is carried out by operation of a ndlogen (here chlorine), it 
becomes an volatile nickel chloride and it is thought that it is broken away and removed 
into the atmosphere. ^ 

[0055] Therefore, it is checked by SIMS analysis that the nickel in a barrier layer 1 10 is 
reduced by even the grade (1x1016 - 5x1017 atoms/cm3, preferably below the spin 
density in a barrier layer) which does not affect a devicQ property. In addition, minimum 
1x1016 atoms/cm3 The value to say is the minimum-limit-of-detection community of 
SIMS. Moreover, the high impurity concentration in this specification is had and defined 
by the minimum value of the measurement value obtained by SIMS analysis. 
[0056] In addition, in this invention persons 1 knowledge, the nickel used for promotion of 
crystallization is in the needlelike or inclination which carries out many segregations to 
the grain boundary of a columnar crystal, and it is thought that it is hardly contained 
substantially [ inside a columnar crystal ] needlelike. 

[0057] However, by the present SIMS analysis, since the information on both the interior 
of a crystal and the grain boundary is gathered, the concentration of the nickel in this ^ y _ 
specification means strictly the average concentration which equalized the nickel ^^^^ 
concentration contained in the interior of a crystal, and the grain boundary. ^^^B 
A0058] Moreover, when a gettering process is performed, the halogen used for gettering 
/ processing in a crystalline silicon film 1x1015 - 1x1020 atoms/cm3 It remains by 
) concentration. There is an inclination to be distributed between a crystalline silicon film 
S and a thermal oxidation film at high concentration, in that case. 

[0059] In addition, nickel is extruded to the grain boundary of needlelike or a columnar 
crystal in the case of crystallization, and carries out a segregation, and it is thought that it 
existed as nickel silicide. And in the case of gettering, it becomes a nickel chloride, and 
breaks away, and the azygos joint hand of silicon that combination with nickel was cut 
will be in the state of existing in the grain boundary mostly. 

[0060] However, it is thought that it combines with oxygen easily and the azygos joint 
hand formed since the above-mentioned process was performed at comparatively high 
temperature into an oxidizing atmosphere forms an oxide (oxidization silicon expressed 
with SiOX). That is, this invention persons think that a crystalline silicon film serves as a 
crystal structure object on which oxidization silicon functions as the grain boundary 
according to a series of above-mentioned heating processes. 

[0061] Moreover, since termination of the non-coupling hand which remained is carried 
out by hydrogen and the halogen which are contained in a barrier layer 1 10, or it is 
compensated by the reunion of silicon and crystal defects, such as dislocation and a 
stacking fault, disappear mostly by the reunion and the rearrangement of a silicon atom 
further, it is thought that the crystallinity inside needlelike or a columnar crystal is also 
improved remarkably. 

[0062] Therefore, a columnar crystal is remarkable needlelike, crystallinity is improved, 
and the barrier layer 1 10 consists of crystal structure objects with the field for which it is 
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enough removed by even ttit grade nickel does not have [ grade j trouble in a device 

property by heat-treatment in halogen atmosphere, and a barrier layer 1 10 is constituted 

and it can be substantially considered for a carrier that is a single crystal. 

[0063] Moreover, by the interface of a barrier layer 1 10 and the gate insulator layer 111, 

a thermal oxidation reaction advances by the above-mentioned heat-treatment, and it is 

abbreviation. The silicon film which is 100A oxidizes. A 200 A thermal oxidation film is 

formed. That is, all the thickness of the gate insulator layer 1 1 1 becomes 500 in all ** 

about the part which formed membranes by CVD, and a part to have been formed by 

thermal oxidation. 

[0064] Fudiiejinpj^aftet^iyjr^^ 

)atmosph_^e_ iy_„9J_^ mind. By heat-treating a time . 

grade, very good semiconductor / insulator layer interface are realized with the / 
membraneous improvement in the gate insulator layer 111. 

[0065] Moreover, although a barrier layer 110 is formed by the dry etching method, there 
is a possibility that the plasma damage which remained on the edge of a barrier layer then 
may cause a leakage current of TFT. In the case of this example, since the edge of a 
barrier layer 1 10 is oxidized thermally, it serves also as removal of a plasma damage. 
[0066] If it ends to formation of the gate insulator layer (thermal oxidation film) 1 1 1 as 
mentioned above, it will have an aluminum film (not shown) for next constituting a gate 
electrode in the thickness of 2500 A by the spatter, and membranes will be formed. A 
scandium is made to contain 0.2% of the weight in this aluminum film for a hillock or 
whisker prevention. 

[0067] In addition, although the material which makes ARUMINIMU a principal 
component as a material which forms a gate electrode (gate wiring is included) is used in 
this example, a tungsten, a tantalum, molybdenum, etc. can also be used for others. 
Moreover, you may utilize the crystalline silicon film which gave conductivity as a gate 
electrode. 

[0068] Next, the pattern 1 12 of the aluminum film of the shape of an island which carries 
out patterning of the aluminum film and serves as a prototype of a gate electrode as 
shown in drawing 1 (D) is formed. In addition, the resist mask (not shown) used at this 
time is made to remain as it is. (Drawing 2 (A)) 

[0069] And anodic oxidation which used the pattern 1 12 of an aluminum film as the 
anode plate is performed. This technology uses well-known anodic oxidation technology 
(for example, JP,7-135318,A). First, the porosity-like oxide film on anode 1 13 is formed 
in the side of a pattern 1 12 of this anodic oxidation process. At this example, it is the 
thickness of this oxide film on anode 113 0.7 It is referred to as mum. 
[0070] If the oxide film on anode 1 13 of the shape of porosity shown in drawing 2 (B) is 
formed, the. resist mask which is not illustrated will be removed. And the precise oxide 
film on anode 1 14 is formed by performing anodic oxidation for the second time. 
Thickness of the precise oxide fiLm on anode 1 14 is taken as 900 **. 
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[007 1]' Moreover, the gate electrode 115 demarcates through the above process. The 
precise oxide film on anode 114 functions in order to protect the front face of the gate 
electrode 1 1 5 or to suppress generating of a hillock or a whisker in a next process. 
[0072] Next, if it forms to the precise oxide film on anode 1 14, the impurity ion for 
forming the source / drain field in this state will be poured in. What is necessary is to 
pour in P (Lynn) ion, if N channel type TFT is produced, and just to pour in B (boron) 
ion, if P channel type TFT is produced. 

[0073] In this process, the source field 1 16 and the drain field 117 where the impurity 
was added by high concentration are formed. 

[0074] Next, using the mixed acid which mixed the acetic acid, the phosphoric acid, and 
the nitric acid, after removing the porosity-like oxide film on anode 1 13 alternatively, the 
ion implantation of P ion is performed again. Rather than the time of forming previous 
source / drain field, it has this ion implantation by the low dose, and it is performed. 
(Drawing 2 (Q) 

[0075] Then, as compared with the source field 116 and the drain field 117, the low 
concentration impurity ranges 118 and 119 with low high impurity concentration are 
formed. And the field shown by 120 of gate electrode 1 15 directly under becomes a self- 
adjustment target with a channel formation field. 

[0076] In addition, especially the low concentration impurity range 119 arranged between 
the channel formation field 120 and the drain field 1 17 is called LDD (light doped lane 
field) field, and has the effect which eases the high electric field formed between the 
channel formation field 120 and the drain field 117. 

[0077] Moreover, the channel formation field 120 (strictly needlelike or interior of a 
columnar crystal) consists of genuineness fields genuineness or substantially. It means 
that about 1 /of activation energy is it 2 that it is a genuineness field genuineness or 
substantially (a Fermi level is located in the center of a forbidden band), and it is the field 
where high impurity concentration is lower than spin density, or that it is the undoping 
field which does not add impurities, such as P or B, intentionally. 

[0078] Furthermore, annealing of the field where the ion implantation was performed is 
performed after the pouring process of the above-mentioned impurity ion by performing 
irradiation of a laser beam, infrared light, or ultraviolet radiation. Activation of addition 
ion and the recovery of damage which the barrier layer received at the time of an ion 
implantation are performed by this processing. 

[0079] Moreover, it is effective if a hydrogen treating is performed by the temperature 
requirement of 300 - 350 ** for 0.5 to 1 hour. This process carries out hydrogen 
termination of the azygos joint hand generated by hydrogen desorption from a barrier 
layer again, if this process is performed — inside of a barrier layer 1x1021 atoms / cm3 
the following -- desirable - 1x1015 to 1x1021 atoms / cm3 Hydrogen is added by 
concentration. 

[0080] In this way, if the state which shows in drawin g 2 (C) is acquired, next, 
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membranes will be formed layer insulation film 121. The layer insulation film 121 has 
and "consists of cascade screens of an oxidization silicon film, a silicon nitride film, an 
oxidization silicon nitride film, organic nature resin films, or those films. (Drawing 2 (D)) 

[0081] Moreover, since specific inductive capacity is small when the polyimide which is 
an organic nature resin film is used, the parasitic capacitance during vertical wiring can 
be reduced. Moreover, since it can form by the spin coat method, thickness can be earned 
easily, and improvement in a throughput can be aimed at. 

[0082] Next, layer insulation film 121 contact hole is formed, and the source electrode 
122 and the drain electrode 123 are formed. By heat-treating in 350 more-degree C 
hydrogen atmosphere, the whole element is hydrogenated and TFT shown in draw ing 2 
(D) is completed. 

[0083] Although TFT shown in drawing 2 (D) has simplest structure for explanation, it is 
easy to consider as desired TFT structure suitably by adding some change and additions 
to the production process procedure of this example. 

[0084] Here, in case a barrier layer 1 10 is formed as mentioned above, the arrangement 
explains the reason for being important. Explanation is performed using drawing 3 . 
[0085] When this example is carried out, in order that a columnar crystal may grow up to 
be outline parallel mutually, there is needlelike or the feature that on the other hand the 
grain boundary is equal to **. Moreover, it is possible needlelike or to control freely the 
direction as for which a columnar crystal carries out a crystal growth by adding 
alternatively the metallic element which promotes crystallization. This thing has a very 
important meaning. 

[0086] One example in which the barrier layer was formed on the base which has an 
insulating front face here is shown in drawing. 3 . What is shown in drawing 3 is a barrier 
layer arranged in the shape of a matrix on a base 301 in producing active matrix liquid 
crystal display. 

[0087] In addition, the field shown with the dashed line of 302 is the place where the 
field for introducing nickel alternatively existed. Moreover, 303 is the place where the 
macroscopic grain boundary in which the horizontal growth field collided mutually and 
was formed existed. Since these cannot be checked after they form a barrier layer, they 
are made to be shown by the dotted line. 

[0088] moreover, the case where it crystallizes with the means shown by this example - 
needlelike or a columnar crystal — the nickel addition field 302 — receiving — an outline - 
- it grows up in the perpendicular direction (direction shown by the arrow all over 
drawing) 

[0089] Therefore, it can arrange in the direction of a channel, and needlelike or the 
direction which carries out outline coincidence of the grain boundary of a columnar 
crystal by arranging the island-like semiconductor 304 like dr awi ng 3 . And it is possible 
to realize the above composition on the whole substrate surface by designing so that the 
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nickel addition field 302 may be attained from the edge of a substrate 301 to an edge. 
[009*0] When it is such composition, the direction of a channel, and needlelike or the 
direction where a columnar crystal is located in a line will be in agreement That is, in 
case it functions as a barrier layer of TFT, the energy barrier which bars movement of a 
carrier in a channel formation field means the very few thing, and the further 
improvement in a working speed can be expected. 

[0091] Moreover, the above thing means that the directivity of a columnar crystal is 
needlelike or controllable to have a specific angle to the direction of a channel, if it puts 
in another way. Drawing 3 corresponds, when a specific angle is made into 0 degree. 
[0092] That is, when are thought with the view different from drawing 3 and rotating 90 
degrees of barrier layers 304, it thinks. In this case, although the mobility of a carrier 
falls, a low OFF state current property and a high proof-pressure property can be 
expected. 

[0093] Here, the electrical property of the semiconductor device shown in drawing 2 (D) 
which this invention persons produced according to this example is shown in drawing 4 . 
In drawing 4 (A), the electrical property (Id-Vg property) of N channel type TFT and 
drawing 4 (B) show the electrical property of P channel type TFT. In addition, Id-Vg The 
graph which shows a property displays the measurement result for five points 
collectively. 

[0094] VG(s) of a horizontal axis are a gate-voltage value and current value to which ID 
of a vertical axis flows between the source/drain. Moreover, Id-Vg shown by 401 and 403 
A property (Id-Vg curve) is Id-Vg which shows the property at the time of drain voltage 
VD=1 V, and is shown by 402 and 404. The property shows the property at the time of 
drain voltage VD=5 V. Moreover, 405 and 406 show the leakage current at the time of 
drain voltage VD= 1 V. 

[0095] In addition, drain current of an OFF field ( drawing 4 (A) below - IV and dra win g 
4 (B) more than -IV) (loff) Most the leakage current (IG) of ON and an OFF field Since 
it is below 1x10-13 A (measurement minimum community), it will be mixed up with the 
noise in d rawin g 4 (A) and (B). 

[0096] Here, the typical property parameter of TFT by this invention for which it asked 
from the electrical property shown in drawing 4 (A) and (B) is shown in Table 1 and 
Table 2. In addition. Table 1 is as a result of the electrical property (arbitrary 20-point 
measurement) of N channel type TFT, and Table 2 shows the result of the electrical 
property (arbitrary 20-point measurement) of P channel type TFT. 
[0097] 
[Table 1] 
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216.19 


025 


-0.40 


Point 20 


70.37 


210.80 


0.60 


2.05 


8.07] 


8.01 


0.02 


79.04 


162.28 


229.81 


020 


-0130 




65.37 


200.01 


0.51 


2.47 


8.13 


7.92 


0.01 


80.00 


149.79 


214.59 


0.15 


-0.29 




6.40 


16.87 


0.20 


0.71 


016 


o.to 


0.08 


6.76 


15.16 


23-19 


0.13 


0.19 



[0098] 
[Table 2] 

PfriUHTTFTaiEeS; (SingleGate) 



H7tA 


(VO- 1 V) 
(VG-SV) 


(VO-5 V) 
(VG-SV) 


{VO-1 Y) 
(VC— 6 V) 


(YD- 5 V) 

(VC-t V> 


kjn/totn 


tcnflosz 


vwm 

(VO" S V) 


s-viJue 
(roV*JecJ 
(VO- IV) 




IG.onfcAl 
{vo- 1 vj 

(VG-5Y) 


<G_oftpA] 
(VD- 1 VJ 
(VO-0V) 


(VD- 1 V) 
(VQ- S V) 


(VO- 1 V) 

(™«1 


Point 1 


30.07 


68,22 


9.25 


59-25 


6.51 


6,06 


-1.11 


86.55 


118.32 


1 T9.60 


0.10 


0.00 


Point 2 


36.67 


86.63 


2.60 


46.70 


7-15 


6.27 


-0.93 


89.24 


131.38 


137.90 


0.05 


-0.20 


Point 3 


36.60 


85.97 


2.90 


73.25 


7.10 


6.07 


-0-95 


98.47 


133.57 


138.47 


0.15 


-0.10 


Point 4 


36.63 


B5.27 


3.35 


53.60 


7.04 


6.20 


-0.9B 


8735 


137.19 


140.00 


0.05 


-0.20 


Points 


35.30 


79.59 


3.25 


39.40 


7.04 


6.31 


-1.14 


77.67 


140.71 


142.24 


0.10 


-0.20 


Point 6 


35.72 


81.38 


2.55 


30.45 


7.15 


6.43 


-1.08 


73.81 


141.07 


141.78 


0.10 


-0.05 


Point 7 


34.37 


77.74 


5.50 


73.60 


6.80 


6.02 


-1.10 


82.63 


135.15 


136.94 


-0.05 


-0.20 


Point 8 


40.70 


100.42 


10.20 


107.25 


6.60 


5.97 


-0.77 


7328 


131.58 


147.90 


0.10 


0.05 


Point 9 


40.70 


100.61 


4.90 


45.00 


6.92 


6.35 


-0.76 


75.50 


131.83 


147.14 


0-15 


-0,25 


Point 10 


32.89 


74.68 


5.75 


132.05 


6.76 


5.75 


-1.10 


84.46 


127.76 


129.80 


0.15 


0.05 


Poirt 11 


37.07 


88.45 


4.30 


67.45 


6.94 


6.12 


•0.87 


76.54 


130.05 


137.45 


0.40 


-0.35 


Part 12 


30.52 


58.83 


1.65 


37.55 


7.27 


6.26 


-1.15 


90.61 


120-82 


122.15 


0.50 


-0.30 


Point 13 


35.17 


78.92 


1.35 


55.50 


7.42 


6.15 


-1.15 


85.88 


143.51 


143.82 


0.40 


-0-40 


Point 14 


32.07 


72.71 


1.80 


36.40 


7.25 


6.30 


-1.10 


86.46 


124.39 


126.74 


0.40 


•0.45 


Pant 15 


33.36 


75.57 


6.60 


120.40 


6.70 


5.80 


-1.10 


8430 


131.58 


132.65 


0.40 


-0.35 


Point 1 6 


32.29 


75.10 


3.50 


47.00 


6.06 


620 


-1.01 


84.93 


122.35 


124.64 


025 


-0.3S 


Point 1 7 


34.26 


76.83 


4.40 


64.35 


B-80 


6.08 


-1.14 


83.28 


141.58 


141.59 


0.65 


-0.25 


Point 18 


31.01 


69-91 


5.40 


253.39 


6.76 


- 5-44 


-1.18 


97.07 


123.17 


125.46 


025 


-0.50 


Point 1 9 


36.26 


86.80 


5.80 


52.20 


6.80 


622 


-0.89 


73.86 


126.53 


134.64 


0.40 


-0.25 


Point 20 


37.60 


93.11 


2507.90 


17345.00 


4.18 


3.73 


-0.80 


69.54 


125.46 


136.94 


0.15 


-0.30 




34.96 


81.34 


129.65 


937.03 


6.81 


5.99 


-1.02 


84-38 


130.90 


135.33 


023 


•0-23 




3.00 


9.49 


559.79 


38S2.36 


0.66 


o.sej 0.14 


6.94 


7.38 


8.24 [ 0.18 


0.16 



[0099] the point which should be noted especially in Table 1 and Table 2 - a sub 
threshold level property (S value, S-value) -- 60- 100 mV/dec, so that it is settled in 
between -- small - mobility (micro FE, mobility) - 150-300cm2/Vs ** - it is very large 
so that it may say In addition, mobility means electric field effect mobility in this 
specification. 

[0100] It is proving that such measurement data is the values which cannot be attained in 
the conventional TFT, and it is just very highly efficient TFT which is equal to MOSFET 
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which TFT by this invention produced on the single crystal. 

[0101] Moreover, it is simultaneously checked by the acceleration deterioration test by 
measurement repeatedly that TFT by this invention is very strong to degradation.' 
Although it has the fault that TFT which carries out high-speed operation experientially 
tends to deteriorate, TFT by this invention does not have degradation* either and it has 
become clear to have the very high proof-pressure property. 

[0102] Moreover, in Table 1 and Table 2, the average and standard deviation (sigma 
value) are also indicated as reference. Standard deviation is used as a scale of the 
distribution (variation) from the average. Supposing a measurement result (population) 
generally follows a normal distribution (Gaussian distribution), it is known that 99.7% 
will go into the inside of ** lsigma in the inside of **2sigma 95.4% 68.3% of the whole 
focusing on the average at the inside of **3sigma. 

[0103] In order that this invention persons might evaluate distribution of the TFT 
property of this example to accuracy more, they measured 540 TFT and asked for the 
average and collimation deflection from the result. Consequently, the averages of S value 
were 80.5 mV/dec (n-ch) and 80.6 mV/dec (p-ch), and standard deviation was 5.8 (n-ch) 
and 1 1.5 (p-ch). moreover, mobility (max) the average — 194.0cm2/Vs (n-ch) and 
131.8cm2/Vs (p-ch) it is -- standard deviation was 38.5 (n-ch) and 10.2 (p-ch) 
[0104] That is, a TFT property as shown below can be acquired in N channel type TFT 
using this invention. 

(1) The sigma values of S value are 5 mV/dec preferably less than 10 mV/dec. It fits in 
less than. 

(2) Less than 80**30 mV/dec of S value is preferably settled in less than 80**15 mV/dec. 

(3) The sigma value of muFE is preferably settled within 35 cm2/Vs less than 40cm2/Vs. 
[0105] Moreover, a TFT property as shown below can be acquired in P channel type TFT 
using this invention. 

(1) Less than 15 mV/dec of sigma values of S value is preferably settled in less than 10 
mV/dec. 

(2) S value Less than 80**45 mV/dec is preferably settled in less than 80**30 mV/dec. 

(3) The sigma value of muFE is preferably settled within 10cm2/Vs less than 15cm2/Vs. 
[0106] As mentioned above, TFT by this invention can constitute logical circuits which 
need high-speed operation, such as a complicated SRAM circuit, a complicated DRAM 
circuit, etc. which realize the extremely excellent electrical property and were produced 
on the single crystal until now and where only MOSFET was used. 

[0107] Moreover, although this example has indicated only the example of a production 
process of TFT of single-gate structure, it is applicable also to TFT of multi-gate 
structure which has TFT of double-gate structure, and a gate electrode beyond it. 
[0108] Moreover, this invention is realizable by raising the crystallinity of a barrier layer, 
and as long as thermal resistance allows, TFT structure can be carried out, without 
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asking. 

[010'9] [Knowledge about the crystal structure object acquired by this invention] The 
thing which is rieedlelike or the crystal structure object which becomes by the aggregate 
of a columnar crystal as [ the thing ] the crystalline silicon film obtained by this invention 
shown in drawing 10 was already described. Here, comparison with the crystal structure 
object by this invention and the crystal structure object formed by other methods is 
performed. 

[0110] The photograph shown in drawing 1 1 is a transverse-electromagnetic photograph 
of the sample which completed even crystallization of an amorphous silicon film in the 
procedure of an example 1. That is, the crystal structure of the crystalline silicon film 
which omits heat-treatment containing a halogen is shown. 

[0111] Many transposition defects (inside of the circle shown by 1101) exist in the 
interior of needlelike or the columnar crystal immediately after crystallization so that it 
can check in drawing 1 1 . However, with the transverse-electromagnetic photograph 
shown in drawing 10 , such a transposition defect is not checked inside a crystal, but it 
turns out that it has the beautiful crystal structure. 

[0112] This thing serves as proof of heat-treatment in the atmosphere which contains a 
halogen in this invention having contributed to the crystalline improvement greatly^ 
[0113] Moreover, the crystal structure object shown m drawing TZls^tT^xMiplSTii case 
this inventions shall differ the crystallization conditions of an amorphous silicon film. An 
amorphous silicon film is specifically crystallized by performing heat-treatment of 600 
**48 hours in nitrogen-gas-atmosphere mind, and thermal oxidation processing has been 
performed at the temperature : of about 900-1 100 degrees C. 

[0114] As shown in dr awin g 12 , each crystal grain of the crystalline silicon film formed 
as mentioned above is large, and it is in the state where it was divided by the grain 
boundary distributed irregularly. 

[01 1 5] Crystal grain 1201 is in the state where it was surrounded by the irregular grain 
boundary 1202, in draw ing 12 . Therefore, if the crystal structure object actually shown 
in drawing 12 is used as a barrier layer of TFT, the energy barrier produced by the 
irregular grain boundary 1202 will check movement of a carrier. 
[0116] On the other hand, the crystal structure object as shown in drawing 10 is in the 
state where the grain boundary 1002 arranged with a certain amount of regularity, as 
[ show / in drawing..l0 ]. Therefore, in the interior of a columnar crystal, it is thought that 
there is not needlelike or an energy barrier which checks movement of a carrier. 
[0117] In addition, that this invention persons are needlelike or as a result of observing 
the array state of a columnar crystal by the about 10,000 to 50,000-time wide field of 
view, it is checked needlelike or that there is a case so that a columnar crystal may 
advance zigzag. A crystal growth is a phenomenon resulting from going in the direction 
stable in energy, and this is conjectured that a kind of grain boundary is formed in the 
part which crystal orientation converted. 
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[01 lfc] However, it is being surmised that it is a thing like a twin crystal grain boundary 
with this grain boundary inactive in energy needlelike [ this invention persons ] that may 
be produced inside a columnar crystal. That is, although crystal orientation differs, I am 
the grain boundary continuously combined with sufficient adjustment, and think that it is 
a grain boundary (not substantially regarded as a grain boundary) used as an energy 
barrier to the extent that movement of a carrier is barred. 

[0119] As mentioned above, since an irregular grain boundary is distributed so that it 
may have the crystal structure as shown in drawing 12 and movement of a carrier may be 
interrupted, the crystalline silicon film crystallized in the general process is difficult to 
attain high mobility. 

[0120] However, when the crystalline silicon film by this invention had the crystal 
structure as shown in dr awing 10 and the grain boundary has gathered in the outline 1 
direction, the interior of a columnar crystal is considered that needlelike or the grain 
boundary which serves as an energy barrier substantially does not exist. That is, since a 
carrier becomes possible [ moving in the interior of a crystal ], without being prevented in 
any way, very high mobility can be attained. 

[0121] The point that a columnar crystal should be observed is a point which is especially 
acquired by this invention and which is considered to grow up continuously the distance 
of dozens - no less than 100 micrometers of numbers, changing crystal orientation, 
avoiding needlelike or distortion resulting from irregularity, stress, etc. 
[0122] If a guess of this invention persons is right, it can be said that the crystalline 
silicon film by this invention is a completely new crystal structure object which consists 
of the aggregates of a special crystal which grow without forming in the interior of a 
crystal the grain boundary which may serve as a carrier trap. 

[0123] [Example 2] this example is an example which has by TFT shown in the example 
1, and forms a CMOS circuit. A CMOS circuit is constituted combining N channel type 
TFT and P channel type TFT of structure as shown in the example 1 complementary. 
[0124] One example of the production process of the CMOS circuit in this example is 
explained using drawin g 5 and drawing 6 . In addition, the application range of the 
crystalline silicon film formed of this invention is wide, and the method of forming a 
CMOS circuit is not what was restricted to this example. 

[0125] According to the production procedure first shown in an example 1, the 
oxidization silicon film 502 is formed on the quartz substrate 501, and a crystalline 
silicon film (not shown) is obtained on it. And the barrier layer 503 of N channel type 
TFT and the barrier layer 504 of P channel type TFT are formed by carrying out 
patterning of it. 

[0126] If barrier layers 503 and 504 are formed, the gate insulator layer 505 will be 
formed, and heat-treatment in the atmosphere which contains a halogen further is 
performed. Let processing conditions be the same things as an example I in this example. 
In this way, barrier layers 503 and 504 serve as a crystal structure object of this invention, 
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and the gate insulator layer 5u5 which has good membraneous quality and a good 
interface is formed. 

[0 127] Next, patterning of the aluminum film (not shown) which constitutes the - 
prototype of a gate electrode behind is formed and carried out, and the patterns 506 and 
507 of an aluminum film are formed (it leaves the resist mask which used after pattern 
formation for patterning). 

[0 128] In this way, the state of drawing 5 (A) is acquired. If the patterns 506 and 507 of 
an aluminum film are formed next, it will have on the same conditions as an example 1, 
and the porous oxide films on anode 508 and 509 will be formed in the side of the 
patterns 506 and 507 of an aluminum film. At this example, it is the thickness of the 
oxide films on anode 508 and 509 of this porosity 0.5 It is referred to as mum. 
[0129] Furthermore, it has on the same conditions as an example I, and the precise and 
firm oxide films on anode 510 and 51 1 are formed. However, in this example, attainment 
voltage is adjusted so that this thickness may become 700 **. Moreover, the gate 
electrodes 5 12 and 5 13 demarcate according to this process. In this way, a state like 
drawing 5 (B) is acquired. 

[0130] When the state of drawing 5 (B) is acquired, the gate insulator layer 505 is 
**********ed by the dry etching method. At this etching process, the oxide films on 
anode 508 and 509 of the shape of the gate electrodes 512 and 513 and porosity serve as a 
mask, and a gate insulator layer remains only directly under the. If the porosity-like oxide 
films on anode 508 and 509 are removed after etching, it will be in the state of drawing.5 
(C). 

[0131] Next, as P channel type TFT is covered, the resist mask 514 is formed, and P 
(Lynn) ion is doped as an impurity which gives N type, this doping -- acceleration 
voltage 50KeV and dose 0.1 - 5x1013 atoms/cm2 - desirable -- 0.5 - 2x1013 atoms/cm2 
atoms/cm2 It carries out. 

[0132] Since acceleration voltage is comparatively high, this doping process passes the 
gate insulator layer which P ion exposed, and is driven in to a barrier layer 503. 
Consequently, P ion is added by the field shown by 515 and 516. (Drawing 5 (C)) 
[0133] Next, as shown in drawing 5 (D), P ion is poured in again, pouring of this P ion -- 
acceleration voltage 5KeV slight lowness - setting up -- a dose - 0.1 - 1x1015 
atoms/cm2 - desirable - 2 - 5x1014 atoms/cm2 ** - it carries out The fields 517 and 
518 where P ion was added are formed in high concentration as a result of this process. 
[0134] When the process shown in drawing_5 (D) is completed, the barrier layer of N 
channel type TFT is completed. That is, the source field 5 17 of N channel type TFT, the 
drain field 518, the low concentration impurity ranges (or LDD field) 519 and 520, and 
the channel formation field 521 demarcate. 

[0135] Next, as shown in drawing 6 (A), the wrap resist mask 522 is formed for left-hand 
side N channel type TFT. And B (boron) ion is poured in as an impurity which gives P 
type in the state which shows in dra wing 6 (A). Doping of this B ion as well as the case 
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of P ion is divided into 2 tim^s, and is performed. 

[013*6] doping of B ion of the 1st time - acceleration voltage 30KeV and dose 0.1 - 
5x1014 atoms/cm.2 -- desirable -- 0.5 - 2x1014 atoms/cm2 It considers as a grade. B ion 
is added by the field shown by 523 and 524 according to this process. (Drawing 6 (A)) 
[0137] the 2nd doping of B ion ~ acceleration voltage 5KeV and dose 0.1 - 1x1015 
atoms/cm2 - desirable ~ 2 - 5x1014 atoms/cm2 It considers as a grade. The fields 525 
and 526 where B ion was added by high concentration according to this process are 
formed. (Drawing 6 (B)) 

[0138] The source field 525 of P channel type TFT, the drain field 526, the low 
concentration impurity ranges (or LDD field) 527 and 528, and the channel formation 
field 529 demarcate according to the above process. 

[0139] Next, the resist mask 522 is removed after the end of the process shown in 
drawing 6 (B), and strong light, such as a laser beam or infrared light, and ultraviolet 
radiation, is irradiated all over a substrate. Activation of the impurity ion added by this 
process and the recovery of damage of the field where impurity ion was poured in are 
performed. 

[0140] Next, the layer insulation film 530 is formed in thickness of 4000 A. Any of an 
oxidization silicon film, an oxidization silicon nitride film, a silicon nitride film, and an 
organic nature resin film are sufficient as the layer insulation film 530, and it is good also 
as multilayer structure. The membrane formation method of these insulator layers should 
just use a plasma CVD method, heat CVD, and the spin coat method. 
[0141] Next, a contact hole is formed and the source electrode 53 1 of N channel type 
TFT and the source electrode 532 of P channel type TFT are formed. Moreover, a CMOS 
circuit is realized by considering the drain electrode 533 as composition which is shared 
between N channel type TFT and P channel type TFT. (Drawing 6 (C)) 
[0142] The CMOS circuit which becomes with the structure shown in drawing ,, (C) is 
producible through the above process. A CMOS circuit is an inverter circuit of the 
simplest composition, and the closed circuit which connected odd sets and formed the 
CMOS inverter circuit in series is called ring oscillator, and in case it evaluates the 
working speed of a semiconductor device, it is used. 

[0143] The upper surface photograph shown in drawin g 7 (A) here is the ring oscillator 
circuit constituted combining the CMOS circuit produced according to this example. This 
invention persons actually made active matrix liquid crystal display as an experiment 
using this invention, and checked the performance of the drive circuit of operation by the 
ring oscillator. 

[0144] In addition, the gate electrode width of face of the CMOS circuit which 
constitutes the ring oscillator shown in drawing_7 (A) is about 0.6. It is as thin as mum, 
and the channel formation field has turned even into the grade which a short channel 
effect generates minutely, if it usually becomes. 

[0145] Moreover, the photograph of a shift register circuit is shown in drawing 7 (B) as 
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reference. The shift register circuit shown in drawin g 7 (B) is one of the important 
circuits which constitute the circumference drive circuit made as an experiment, and is a 
logical circuit which specifies the address of a pixel field. A drive on the very high 
frequency of several MHz - about dozens of MHz is required especially of the shift 
register circuit for horizontal scannings (for source sides) at the time of real operation. 
[0146] The oscillation frequency of a ring oscillator circuit was measured by the ring 
oscillator which connected 9 and 19 or 51 sets (stage) of CMOS circuits. With 
consequently, supply voltage 3-5 V and nine steps of ring oscillators The oscillation 
frequency exceeding 500 MHz is obtained in 300MHz or more, and it became clear that a 
working speed is very quick. 

[0147] These values mean having an about 20 times as many working speed as this 
compared with the ring oscillator produced at the conventional production process. 
Moreover, even if it shakes supply voltage in 1-5V, oscillation frequency of dozens - 
100MHz of numbers is always realized. 

[0148] As mentioned above, also in the situation that added value was unavoidably added 
on the circuit design, the CMOS circuit using this invention can carry out high-speed 
operation satisfactory, and has the performance which meets the demand of all logical 
circuits. 

[0149] Furthermore, channel length is 0.6. TFT by this invention is hardly influenced by 
the short channel effect, but also having the high proof-pressure property of being able to 
be equal also to very high-speed operation as shown in this example, in spite of having 
turned into mum minutely extremely means having very high reliability. 
[0150] [Guess drawn from the compositionof this invention] As the example 1 and the 
example 2 showed, TFT produced according to this invention has realized the very high 
performance (a high-speed operation property, high proof-pressure property). Moreover, 
also experientially, the feature that it is strong to degradation can be called unique 
phenomenon, having such a high-speed operation property. Then, since TFT by this 
invention considered why it would excel even like this in degradation-proof nature and 
guessed one theory from there, this invention persons indicate below. 
[0151] This invention persons thought as important the influence of the grain boundary of 
needlelike as a reason nil why pressure-proofing of TFT by this invention is high, or a 
columnar crystal. That is, this invention persons surmised that the grain boundary 
(expected as an oxide field) which exists in a channel formation field locally was easing 
effectively the high electric field especially built between a channel formation field and a 
drain field between a source field and a drain field. 

[0152] I suppressed the electric field especially specifically formed of the depletion-layer 
charge in which the grain boundary spreads from a drain field, and thought that it was 
functioning so that diffusion potential by the side of the source may not be changed also 
in the state (state which the drain side depletion- layer charge increased) where drain 
voltage became high. 
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[01531 When the above was summarized and the, crystalline silicon film by this invention 
is utilized for a barrier layer, it can be considered that the channel formation field is 
filling the following composition. 

(1) a carrier moves - a genuineness field (needlelike or interior of a columnar crystal) 
exists substantially (for a carrier) 

(2) Or it suppresses movement of a carrier, the energy barrier which eases the electric 
field built in the direction of a channel (direction to which between a source-drain is 
connected) exists. 

[0154] Therefore, it is thought that TFT of the outstanding property as this invention 
shows by considering as the composition which has the energy barrier with which the two 
above-mentioned composition is filled, and which was locally formed with the 
genuineness channel formation field substantially for a carrier can be produced if it puts 
in another way. 

[0155] Although the above composition mixes some guesses and there is then, it is drawn 
from this invention persons' experimental data, then, this invention persons - this 
composition -- artificial __********-- it was expected whether the same effect could be 
acquired by things 

[0156] Consequently, this invention persons came to propose composition effective for 
suppression of a short channel effect. Here, the outline is indicated below. In addition, the 
consideration indicated below stops at the range of guessed in the present condition. 
[0157] Short channel effects are general terms, such as degradation of the pressure- 
proofing accompanying the fall of threshold voltage, and a punch-through phenomenon, 
and degradation of a sub threshold level property. The punch-through phenomenon which 
poses especially a problem is a phenomenon in which the diffusion potential by the side 
of the source falls because the depletion layer by the side of a drain spreads even to a 
source field, and penetration current flows between the source/drain. 
[0158] Then, this invention persons observe the effect of the grain boundary of this 
invention, and channel length is 0.01-2. In the short channel TFT which is mum grade, it 
is preparing an impurity range artificially and locally to a channel formation field, and it 
was surmised that the effect which suppresses the breadth of the depletion layer by the 
side of a drain was acquired. 

[0159] It is thought that such composition can be attained by considering as composition 
as shows a barrier layer to drawing 8 . In drawing.8 (A), as for a source field and 802, 
801 is [ a drain field and 803 ] channel formation fields, and an impurity range 804 is 
artificially formed into the channel formation field 803. Moreover, among the channel 
formation field 803, fields 805 other than impurity -range 804 are genuineness fields 
substantially, and turn into a field where a carrier moves. 

[0160] The point which is the structure which imitated the crystal structure object of this 
invention shown in drawing 10 is important for the structure shown in drawing 8 (A) 
here. That is, the grain boundary shown by 1001 of drawi ng 10 is equivalent to the 
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impurity range 804 of drawing 8 (A), and a columnar crystal is equivalent to that drawin g 
10 is needlelike or the field 805 to which the carrier of drawing 8 (A) moves. 
[0161] Therefore, the impurity range 804 arranged in the channel formation field 803 
forms locally the field where built-in potential (it can also be called an energy barrier) is 
large in a channel formation field, and can be conjectured to suppress the breadth of a 
drain side depletion layer effectively by the energy barrier. 

[0162] Moreover, the cross section which cut drawing 8 (A) by A- A' is shown in drawin g 
8 (B). 806 is a substrate which has an insulating front face. Moreover, the cross section 
which cut drawing 8 (A) by B-B* is shown in drawing 8 (C). 

[0163] In addition, in drawing^ (C), wpi and n express the width of face of an impurity 
range 804, and wpa and m express the width of face of the field where a carrier moves, n 
and m mean that it is the field where wpi and n are the width of face of the n-th impurity 
range, and the m-th carrier moves [ wpa and m ] into the channel formation field 803 
here. 

[0164] Therefore, the actual electric field effect mobility of TFT by this invention must 
substitute the efficiency-channel width Wpa (total which added m to wpa,l-m) for the 
theoretical formula showing in the following formula. 
[0165] 

muFE=l/Cox (delta Id/delta Vg) and 1/Vd-L/W - for Gox, gate oxide-film capacity, and 
delta Id and delta Vg are [ drain voltage, and L and W of the variation of drain current Id 
and a gate voltage Vg and Vd ] channel length and channel width here, respectively 
[0166] However, since it is actually impossible to measure the efficiency-channel width 
Wpa, the electric field effect mobility in this specification is substituting and calculating 
the design value W of channel width. That is, it is thought that the value smaller than 
actual mobility is acquired. 

[0167] Moreover, it is expected that preparing by arrangement as shows an impurity 
range to draw ing 8 (A) has a very big meaning to improvement in mobility. The reason is 
explained below. 

[0168] Mobility (micro FE) Although decided by dispersion of the carrier in a 
semiconductor film (here, a silicon film is taken for an example), dispersion in a silicon 
film is divided roughly into lattice scattering and impurity scattering. The overall 
mobility mu in which these influence for each other and are formed is expressed with the 
following formula. 
[0169] 
[Equation 1] 

/i= (1/^1+1/^0 

[0170] The formula shown by this several 1 is mobility mul (I means lattice) when the 
overall mobility mu is influenced of lattice scattering. Mobility mui at the time of being 
influenced of the inverse number and impurity scattering (i. means impurity) It means that 
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it is in inverse proportion to cue sum of the inverse number. Moi_over, lattice scattering 
and impurity scattering are respectively expressed with the following formula. 
[0171] 
[Equation 21 

-5/2 -3/2 

ix\ <* (m*) T 

[0172] 
[Equation 3] 

-1/2- -1 3/2 

fx\ oc (m*) NiT 

[0173] According to these formulas, after the impurity has been uniformly added by the 
whole channel formation field, mobility cannot be earned in response to the influence of 
impurity scattering. However, since the impurity range is formed locally in composition 
of being shown in drawing 12 , an impurity is not added by the field to which a carrier 
moves, but it is genuineness substantially for a carrier. 

[0174] That is, it is the concentration nickel of the impurity theoretically ionized in 
several 3. Since it means bringing close to 0 infinite, it is mobility mui. It will approach 
infinitely infinite. That is, it sets to several 1 and is 1/mui. Since it means decreasing an 
impurity even to the grade which can disregard a term, the whole mobility mu is mobility 
mui infinite. It is surmised that it approaches. 

[0175] Moreover, it is important to be arranged so that an impurity range 804 may serve 
as the direction of a channel and outline parallel in drawing_8 (A). When [ for which such 
arrangement was shown in drawing 10 ] needlelike or the direction where the grain 
boundary of a columnar crystal is prolonged, and the direction of a channel are in 
agreement, it corresponds. 

[0176] It is surmised that a role like a rail specifies the move direction on a carrier sure 
enough, without capturing a carrier, since it is expected that an impurity range 804 is 
served as "the benign grain boundary" when it considers as such arrangement. This is 
composition very important when reducing the influence of dispersion by the collision of 
carriers. 

[0177] Moreover, it is expected that the fall of the threshold voltage which is one of the 
short channel effects can also be suppressed by considering as the above composition. 
This is anticipation based on reasoning that it is possible to cause artificially the narrow 
channel effect produced when channel width becomes extremely narrow between 
impurity ranges. 

[0178] Moreover, although it is thought possible to suppress a punch-through 
phenomenon by suppressing the breadth of a drain side depletion layer as mentioned 
above, improvement in a sub threshold level property (S value) can also be desired with 
improvement in pressure-proofing by suppressing a punch-through phenomenon. 
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[01 79 J The improvement in a sub threshold level property can be explained as follows 
fnbm reasoning that the volume which a drain side depletion layer occupies is reducible 
by using this composition. 

[0180] If the breadth of a depletion layer is effectively suppressed when it considers as 
the composition shown by drawing 8 (A), it will be possible to reduce sharply the volume 
which a drain side depletion layer occupies, and it will be ****** Therefore, since a 
synthetic depletion-layer charge can be made small, it is thought that a depletion layer 
capacitance can be made small. Here, the formula which derives S value is expressed 
with the following approximation. 
[0181] 
[Equation 4] 

S= In 1 0 • kT/q [ 1 +(Cd+Cit)/Cox] 

[0182] Setting to several 4, for a Boltzmann's constant and T, absolute temperature and q 
are [ k ] the amount of charges, and Cd. The equivalent capacity of interface level and 
Cox of a depletion layer capacitance and Cit are gate oxide-film capacity. Therefore, by 
this composition, it is a depletion layer capacitance Cd. The ideal state set to Cd =Cit=0 
by reaching and bringing the equivalent capacity Cit of interface level close to 0 as much 
as possible, i.e., S value, is 60 mV/decade. The becoming semiconductor device may be 
realizable. 

[0183] However, the formulas shown in several 4 are 60 mV/decade, without being an 
approximation for deriving S value and following this approximation in TFT. The 
following measured value may be obtained. 

[0184] By the way, with this composition guessed from this invention, you may use 
nitrogen and carbon as an impurity range equivalent to the grain boundary of this 
invention in addition to oxygen. This is because it is in the purpose of this composition 
arranging an energy barrier artificially to a channel formation field. 

[01-85] Therefore, if it thinks from a viewpoint of forming an energy barrier, it can be said 
that there is also an impurity range with a conductivity type contrary to the conductivity 
type of an inversion layer about an effect. That is, if it is an N channel type 
semiconductor device and is a P channel type semiconductor device about B ion, it can be 
said that what is necessary is just to form an impurity range using P ion. 
[0186] Moreover, when it constitutes an impurity range from P or B ion, it is also 
possible to perform threshold control directly by the concentration of the impurity ion to 
add. 

[0187] As mentioned above, this composition is the technology drawn by the guess of 
this invention persons based on the composition and the experiment fact of invention 
which are indicated on these specifications. It is surmised that the short channel effect 
from which channel length poses a problem with the semiconductor, device of a. very . . 
short deep submicron field can be effectively suppressed by carrying out this 
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[0-188] [Example 3] By this example, another example of a process is indicated to be the 
production process shown in the example 1. Before specifically forming a barrier layer, 
heat-treatment in the atmosphere which contains a halogen to a crystalline silicon film is 
given, and gettering removal of the nickel is carried out. 

[0189] It is possible to reduce the nickel concentration in a barrier layer still more 
effectively by combining with an example 1 the process shown in this example. 
[0190] Moreover, in order that the thickness of a crystalline silicon film may decrease by 
heat-treatment exceeding 700 **, there is an effect which makes a barrier layer thin. If 
thickness becomes thin, effects, such as improvement in mobility and reduction of the 
OFF state current, are expectable. 

[0191] [Example 4] By this example, another example of a process is indicated to be the 
production process shown in the example 1. Heat-treatment in the atmosphere which 
specifically contains a halogen in an example 1 immediately after skipping the process 
which forms the gate insulator layer 1 1 1, and forming a barrier layer is given. 
[0192] Membraneous quality is improvable by annealing in nitrogen-gas-atmosphere 
mind like an example 1 to the thermal oxidation film formed at this time. In this case, it is 
possible to constitute a gate insulator layer only from such a thermal oxidation film. 
Moreover, the thickness of a thermal oxidation film can be formed in 100-1500A 
(typically 500- 1000A) by adjusting the conditions of heat-treatment. 
[0193] The feature is [ the point which can produce the possible semiconductor device of 
high-speed operation if a gate insulator layer is constituted only from a thermal oxidation 
film, and ] that it can simplify the membrane formation process of a gate insulator layer. 
However, it is difficult to form thickness uniformly in many cases. 
[0194] Moreover, it is also possible to deposit an insulator layer by the gaseous-phase 
method on the thermal oxidation film formed at the above-mentioned process, and to 
consider as a gate insulator layer with those cascade screens. In this case, although gate 
pressure-proofing improves, it is important to make pure the interface of a thermal 
oxidation film and the film by the gaseous-phase method. 

[0195] Moreover, the above-mentioned process can be regarded as a removal process of a 
metallic element (especially nickel), the thermal oxidation film formed at the above- 
mentioned process can be removed, a thermal oxidation film can be formed again, and it 
can also consider as a gate insulator layer. Moreover, after removing a thermal oxidation 
film, a gate insulator layer can also be formed by the gaseous-phase method on a barrier 
layer. In this case, although it is possible to reduce the concentration of the excessive 
impurity which exists in the interface of a barrier layer and a gate insulator layer, it must 
be cautious of the cleanliness on the front face of a barrier layer. 

[0196] [Example 5] this example explains the example which applied TFT which applied 
and produced this invention to DRAM (Dynamic RondomAccess Memory) and SRAM 
(Static Rondom Access Memory). Suppose that drawingjl is used for explanation. 
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[01 97)' DRAM is the memory of the form stored in a capacitor bj making the information 
to- memorize into a charge. Receipts and payments of the charge as information on a 
capacitor are controlled by TFT connected to the capacitor in series. The circuit of TFT 
which constitutes one memory cell of DRAM, and a capacitor is shown in drawing 13 
(A). 

[0198] If a gate signal can be given by the word line 1301, TFT shown by 1303 will be in 
switch-on. A charge is charged by the capacitor 1304 from a bit line 1302 side in this 
state, information is read, or a charge is taken out from the charged capacitor and 
information is read. That is, it will have a function as a storage element by writing in the 
charge accumulated at this capacitor by TFT, or reading it. 

[0199] The feature of DRAM is suitable for constituting the large-scale memory of high 
accumulation density, since there are very few element numbers which constitute one 
memory only by TFT and the capacitor. Moreover, since a price is also held down low, it 
is used present in large quantities. 

[0200] Moreover, since a storage capacitance can be small set up as a feature at the time 
of forming a DRAM cell using TFT, operation by the low battery can be enabled. 
[0201] Next, the SRAM circuit using high resistance as a passive load element is shown 
in drawing 13 (B). In addition, it is also possible to take the SRAM structure of 
substituting TFT for the same function as a passive load element. 
[0202] SRAM is the memory which used bistable circuits, such as a flip-flop, for the 
storage element, and memorizes a binary information value (0 or 1) corresponding to two 
stable states of ON-OFF of a bistable circuit, or OFF-ON. As long as there is supply of a 
power supply, it is advantageous at the point that storage is held. 

[0203] A word line is shown by 1305 and 1306 is a bit line. 1307 is a load element which 
consists of high resistance, and SRAM consists of 2 sets of access transistors as indicated 
to be 2 sets of driver transistors as shown by 1308 by 1309. 

[0204] The feature of SRAM which becomes with the above composition is that high- 
speed operation is possible and the lump by the system to construct is [ it is reliable and ] 
easy etc. 

[0205] [Example 6] The example which constitutes the active-matrix type electro-optics 
equipment which integrated the pixel matrix circuit and the logical circuit on the same 
base using the semiconductor device of an example 1 and the CMOS circuit of an 
example 2 from this example is shown. As electro-optics equipment, a liquid crystal 
display, EL display, EC display, etc. are contained. 

[0206] In addition, a logical circuit points out the integration circuit for driving electro- 
optics equipment like a circumference drive circuit or a control circuit. In active-matrix 
type electro-optics equipment, although there were also a limitation of a performance of 
operation and a problem of a degree of integration and external IC of the logical circuit 
was common, it becomes possible to unify all on the same substrate by using TFT of this 
invention. 
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[0207] Moreover, with a control circuit, all electrical circuits required to drive electro- 
optics equipments, such as a processor circuit, a memory circuit, a clock generation 
circuit, and a A/D (D/A) converter circuit, shall be included. Of course, the SRAM circuit 
and DRAM circuit which were shown in the examples 5 and 6 are included in a memory 
circuit. 

[0208] If invention indicated on these specifications is used for such composition, it can 
have by TFT which has the performance which is equal to MOSFET formed on the single 
crystal, and a logical circuit can be constituted. 

[0209] [Example 7] this example shows the example which produces TFT of different 
structure from an example 1 . Drawing 14 is used for explanation. 
[0210] First, the state which shows in drawing 2 (B) through the same process as an 
example 1 is acquired. If the state which shows in dr awing 2 (B) is acquired, the resist 
mask which was used for patterning of an aluminum film and which is not illustrated will 
be removed, anodizing will be performed in a tartaric acid after that, and an oxide film on 
anode with the precise thickness of 1000A will be obtained. This state is shown in 
drawing 14 (A). 

[021 1] As for 101, in drawing 14 (A), a quartz substrate and 102 are thermal oxidation 
films on which a ground film and 1 10 function on a barrier layer, and 1 1 1 functions as a 
gate insulator layer later. Moreover, the gate electrode which becomes with the material 
to which 1401 makes aluminum a principal component, and 1402 are the precise oxide 
films on anode which anodized the gate electrode 1401 and were obtained. 
[0212] Next, the impurity ion which gives 1 conductivity to a barrier layer 1 10 in this 
state is poured in. And impurity ranges 1403 and 1404 are formed of this ion- 
implantation process. 

[0213] When pouring of impurity ion is completed, it is about a silicon nitride film 1405. 
0.5-1 Membranes are formed in the thickness of mum. The membrane formation methods 
may be any of reduced pressure heat CVD, a plasma CVD method, and a spatter, 
Moreover, you may use an oxidization silicon film in addition to a silicon nitride film. 
[0214] In this way, the state of drawing 14 (B) is acquired. If the state of dr awin g 14 (B) 
is acquired, next, it will ********** by the etchback method and will leave a silicon 
nitride film 1405 only to the side attachment wall of the gate electrode 1401. In this way, 
the left-behind silicon nitride film functions as a sidewall 1406. 

[0215] Under the present circumstances, the thermal oxidation film 1 1 1 remains in the 
state where it is removed except the field where the gate electrode became a mask, and is 
shown in gnawing.! 4 (C). 

[0216] Impurity ion is again poured in in the state which shows in drawing 14 (C). At this 
time, the dose presupposes that it is higher than the dose of a previous ion implantation. 
Since, as for the fields [ directly under ] 1407 and 1408 of a sidewall 1406, an ion 
implantation is not performed in the case of this ion implantation, it is changeless to the 
concentration of impurity ion. However, the impurity ion of further high concentration 
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[ fields 7 which were exposed / 1409 and 1410 ] will be poured in. 
[0217] The low low concentration impurity ranges (LDD field) 1407 and 1408 of high 
impurity concentration are formed through the 2nd ion implantation rather than the 
source field 1409, the drain field 1410, and the source / drain field as mentioned above. 
In addition, it is a field [**********] directly under the gate electrode 1401, and it 
serves as the channel formation field 1411. 

[0218] When the state of drawing 14 (C) is acquired through the above process, the 
titanium film which the thickness of 300 ** does not illustrate is formed, and a titanium 
film and a silicon (crystalline silicon) film are made to react. And after removing a 
titanium film, titanium silicide 1412 and 1413 is formed in the front face of the source 
field 1409 and the drain field 1410 by performing heat-treatment by lamp annealing etc. 
(Drawing 14 (D)) 

[0219] In addition, the above-mentioned process can also use a tantalum film, a tungsten 
film, a molybdenum film, etc. instead of a titanium film. 

[0220] Next, an oxidization silicon film is formed in thickness of 5000A as a layer 
insulation film 1414, and the source electrode 1415 and the drain electrode 1416 are 
formed. In this way, TFT of the structure shown in drawing 14 (D) is completed. 
[0221] Since the source / drain electrode connects with the source / drain field through 
titanium silicide 1412 and 1413, TFT of the structure shown by this example can realize a 
good ohmic contact. 

[0222] [Example 8] this example shows the example which produces TFT of different 
structure from an example 1 or an example 7. Draw ing 15 is used for explanation. 
[0223] First, the state which shows in drawing. 2 (B) through the same process as an 
example 1 is acquired. However, suppose that the crystalline silicon film which gave 
conductivity as a material of a gate electrode is used in this example. This state is shown 
in drawing 15 (A). 

[0224] As for 101, in drawing 15 (A), a quartz substrate and 102 are thermal oxidation 
films on which a ground film and 1 10 function on a barrier layer, and 1 1 1 Functions as a 
gate insulator layer later. Moreover, 1501 is a gate electrode which becomes by the 
crystalline silicon film (polysilicon contest film). 

[0225] Next, the impurity ion which gives 1 conductivity to a barrier layer 1 10 in this 
state is poured in. And impurity ranges 1502 and 1503 are formed of this ion- 
implantation process. (Drawing 1 5 (B)) 

[0226] If pouring of impurity ion is completed, a sidewall 1504 will be formed using the 
etchback method like an example 7. 

[0227] And if a sidewall 1504 is formed, impurity ion will be poured in again. The source 
field 1507, the drain field 1508, the low concentration impurity ranges (LDD field) 1505 
and 1506, and the channel formation field 1509 are formed through the above two ion 
implantations. 

[0228] When the state of drawing J_5 (C) is acquired through the above process, the 

http://www4.ipdI.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 6/23/03 



Page 28 of 29 

tungsten film which the thickness of 500 ** does not illustrate is formed, and a tungsten 
film and a silicon film are made to react. And after removing a tungsten film, tungsten 
silicide 1510-1512 is formed in the front face of the gate electrode 1501, the source field 
1507, and drain field 1508** by performing heat-treatment by lamp annealing etc. 
(Drawing 15 (D)) 

[0229] Next, a silicon nitride film is formed in thickness of 4000A as a layer insulation 
film 1513, and the source electrode 1514 and the drain electrode 1515 are formed. In this 
way, TFT of the structure shown in drawing 15 (D) is completed. 
[0230] Since a gate electrode, and the source / drain electrode take out through tungsten 
silicide 1510-1512 and connects with an electrode, TFT of the structure shown by this 
example can realize a good ohmic contact. 

[023 1] [Example 9] this example shows an example of the electro-optics equipment 
(display) incorporating the semiconductor device using this invention. In addition, what 
is necessary is just to use electro-optics equipment with a direct viewing type or a 
projected type if needed. Moreover, since it is considered the equipment on which 
electro-optics equipment also functions using a semiconductor, with the electro-optics 
equipment in this specification, it shall be contained under the category of a 
semiconductor device. 

[0232] Moreover, as an application product of the semiconductor device using this 

invention, a TV camera, a head mount display, car navigation, a projection (there are a 

front type and a rear mold), a video camera, a personal computer, etc. are mentioned.. An 

easy example of these application use is performed using ara_wing_16 . 

[0233] Drawing 16 (A) is a TV camera and consists of a main part 2001, the camera 

section 2002, display 2003, and an operation switch 2004. Display 2003 is used as a view 

finder. 

[0234] Drawing 16 (B) is a head mount display, and consists of a main part 2101, display 
2102, and the band section 2103. Two things of size with comparatively small display 
2102 are used. 

[0235] Drawing 16 (C) is car navigation and consists of a main part 2201, display 2202, 
an operation switch 2203, and an antenna 2204. Although display 2202 is used as a 
monitor, since the displays of a map are the main purposes, it can be said that the 
tolerance of resolution is comparatively wide. 

[0236] Drawing 16 (D) is a Personal Digital Assistant device (this example cellular 
phone), and consists of a main part 2301, the voice output section 2302, the voice input 
section 2303, display 2304, an operation button 2305, and an antenna 2306. To display 
2303, it is expected that animation display will be required as a TV telephone in the 
future. 

[0237] Drawing .16 (E) is a video camera and consists of a main part 2401, display 2402, 
an eye contacting part 2403, an operation switch 2404, and a tape electrode holder 2405. 
Since the photography picture projected on display 2402 can be seen on real time through 
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an eye contacting part 2403, the photography of a user while looking at a picture is 
attained. 

[0238] Drawing 16 (D) is a front projection and consists of a main part 2501, the light 
source 2502, reflected type display 2503, optical system (a beam splitter, a polarizer, etc. 
are contained) 2504, and a screen 2505. Since a screen 2505 is a big screen screen used 
for presentations, such as a meeting and a society announcement, resolution with 
expensive display 2503 is required. 

[0239] Moreover, it is applicable to personal digital assistant devices, such as a rear 
projection, and a mobile computer, a handy terminal, besides the electro-optics 
equipment shown in this example. As mentioned above, the application range of this 
invention is very wide, and applying to the display medium of all fields is possible. 
[0240] Moreover, not only electro-optics equipment but TFT of this invention can be 
used as a drive circuit of an application product as built into an integration circuit in 
forms, such as SRAM and DRAM, and shown by this example. 
[0241] 

[Effect of the Invention] According to invention indicated on these specifications, TFT 
with the high performance which is equal to MOSFET produced on single crystal silicon 
is realizable. Moreover, compared with the ring oscillator which consisted of 
conventional TFT, 20 times as many high-speed operation as this is possible for the ring 
oscillator constituted from TFT of this invention. 

[0242] Furthermore, in spite of having such a high property, channel length has the very 
high proof-pressure property also in the detailed field of 1 micrometer or less, and it can 
check that the short channel effect is suppressed effectively. 

[0243] By applying the integration circuit constituted using the above TFT to electro- 
optics equipment, the further highly efficient- ization of electro-optics equipment is 
realizable, moreover, the application product adapting electro-optics equipment - high 
performance - high added value can be formed 



[Translation done.] 
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mm^tm9iza^r^ maas&mwztec 1 . f. Br 

tUFe, Co. Ni, Ru, Rh. Pd, Os. I 

r, Pt,Cu. AuA> t>&tftifz-m± *:ii?g3aas 

1 7 3 itsss 1 Jbm.mgm4 * 3t(4ii^ 9 tc 

iivvc. «E)^1S^KItiiEB&cvD&(cJ:9£fl 

[ff:£JB 1 8 3 ^mma^Kti^tm 30 

Xgfc. 

us 1 nisig&smtz £ vimBti&m<m<ryytc< t *>— 
uzigfkimmmiz'gfs.z-tthxmt . 
m^*7*mm*mk-fhJM.t. 40 

ff5rt lei 0 mievSttS^^m^STC^?:^ y 9 V 

l^ffitcfS!ftJS5:^-ri»XSi: . 
M*#H^+^J3(t*^3<7)Silgy«iSt J: 9fufE*IHfc 
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mfct m^ft%&#£ttimH£s , Bi)timM& Lxm 

im&i 93 ^mtmm^^ismtr^-r&^m^ 
SiSZimtztzbfz^x. 

t. 

mrnt&m&mmiizmsvMz-?* 7tmm£j&&-th 

Xgfc. 

miBEikn&mmzIti LXmSAt £ Hh^S &£l7c3t 5: 
SiRW{cim$-t>:£Xgi: . 

afSrtgfflttS^ISt^BES-arSXSfc . 
SttMSr^-rsXgfc. 

>-m&^htMzfmimin*x'mtiLZixhy4 m& 

mmmw^^za tt s m 3 coit^jtoa t «t oiirie^M h 
ie»K<oKWfc' .t^ffio^s^&^-rsxgfc . 

BSiBjSttMJifeo^^^eiBS— ^isjKsrw *>o. tufa 

t Sag ^Ffi^tfi fctittJfttt-WflWHfc* » 

im^m2 1 3 it^jsi 8ttz\im3?%i 9[za^x. 

&&fc$:m£:-?Z>±m7cmt UFe, C o . Ni. R 
u. Rh. Pd. Os. I r. Pt. Cu, AuKS 

[ff^3S2 2 3 M*Jfi 1 8 ttclimm 1 9 tcfc^T . 

;\a-yy7tmZ'£&nw&i±&mfmi*.<PizHc i . h 

F. HBr, Ch . C1F 3 . BCh . NF 3 . F 

mcr>*jz.t> i ma%ixfzi><r>x-hhz. t ^^St-T-s.^ 

[If*^2 3 3 It^I 1 8 S *:J±ir£JS 1 9 izti V>T . 
^lcOjlgKij!!SI(i450 -700 -COS^EHTiffciX. ff 
2±/i{±m3<7)JnS^S<±700 X;Sr@^Sfi)^SHTlT 

[000 1 ] 



(4 

5 

mt-th^mmimzmtz. mz. ^^s^mx-is 
&m&mfS.L*immh : 7>'i;*fiizmt&. 

[0002] 

[t&iwKW] 35^, immmtt-thmktizB&z 
tuz.*mmj& ( *s awHR^Agg > * jbv vow 
(tft) zm!8.-t&tmtp&Bztix\,-> 

3->fm=FtLXW8t&M&1lT^&. 10 
[0003] «;tfcf . iSS^I^t^fe^TJiv h y 9 

xtt£tiffl2ti*zwmffl£t:m«izffl9*-r&wm-? b y 

CTF T£j5ffl^Sl£*##£iT.T^S . 
[0004] 3KtttC*3V^TIi. SttSt LT^ a o«^ 
(7^7T^^'J3yl) 2rfflV^TFT*^{t 

^%ZlSmi^&m : £&#>t>tt2>W5Jsli&lzli* ISfitt 20 
(tf'Jv-'JnviSi) 5rf(lfflL>tTFT^^i:$ 

[0005] 3^±ttftflitt£^£»JCT*3ri&£ L 
Tfi. ^aJISACi -5.^^6-232059^-^. ^¥6- 
244103^#tc£® £ *ut&t&A*£fflrCfc £ . i <0^n 

Ttm (#{c-»/^) ^fOffl-rs^fctcio. 500 -60 
o •c. A&mw&cowmmiz&^x&g&nm^t&i 

[0006] ifc . ^p^F7-32D39(^a§iTJtSifi<i 30 

[000 7] LA»U £<^&TFT£J8vv?:i$EifrlH]S& 

E8S£ . tefeOT F TTfilj£-r -S <1 h te^i&SrcOA^ 
[0008] 40 

mmm^&.m^m^rzMzit^^v 

-£m^Xmf$.ZtlfzMO S F ETtcESrTi.it^^* 
-f &T FT£H3g L=Sr<TJ±^r^vv 

[0009] -E-^T-^BHfflsr^-rs^i. m^yt 
^-t^s. mfrxmmfcZBm^m&Sim&XTSzco 

[00 10] 

[^S^fS^-TS^cO^-g] (^SW^ST-{±±a^ 50 
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&m&m%'TFT&n&z.}irfX'Z*i)*-?f.iw&b v 

X. SUHMH=*NrVC**yT <«?±ft:ttjBFL) **» 
fS*»'3*U TFT^tS:StA-7^-^(0-OTl.l.t 

[0011] Plilf, mS&ZHzliisV a>IFF*3W 

[0012] *mi<?)¥mmim * segi-r * 

rKT&S. «n?< ^&<fct>3f^yT2:J§gH-£«I^a< 

< . y rco&mzmf &-5im&<7>'^z^mgy& 
ftzm&tzztvMmx'hhbWx.z. 
[0013] ^<Df^i f z^mmx^rrr^>^m<r>m^ 

-thichrz-ox. m&mffitt-fz&tetizit&mmm 

t— gS£*£ a H B tti^Iifc:^fi£$-t!:£X!Sfc. ^7 
Jg^KSrl^-r&Xgi: . f^——^VizX OlafefeS 
tt^^O^TiS^^^-S.aitJiSr^-r'SXSfc, la 

^^•^tr#ffl^4"^i>v^T^2<50jl^«yi^fi : 3 t 

^&tmzmms&mtme.y4 htmmtcoftmz&i 
[0014] txtnmi&izi&^fzimmx't£ik&£m 

B39v^gl®iOft»$:fflV>T*%BJ$rllSS Lfzt&£r<r> 

texgmm.imx'fr o . *$sfcH — wfa+/xin(ct,s.^ 

WlfeRMtt 9 0 1 *9gfi£Sft* . 
[0015] =Srfe. ^^«tfi£S®iS9 0 Ui#tt£:fc*:»i 

(9 02X'^iXh) tC*tLT«5{3rSii:(=. 

*H^o3tassusiS9 o 2*>f>sr/T^^#t^^{ia 
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[ 0 0 1 6 ] £ *>*::.. m9lz5??Wj8M : mt&<?>f*iUt=M 

m¥K#bi o-c*&. 

[0 0 1 7] BH=>, ^^^^att^KJig^tCJi 

mio tc^rt«t=#t«i iooi 

[0 0 18] 01 OtciiVvT 1 0 0 2T-^Sti.S 

o. t&iwMf-i o o 2^gT/s^r(6j*^, 
-r. 

^Sr-irtf#HSt J: Sfln^Stc i ^TlSalrfl^fiWIt- 
S&ETC* (-•y^£3E0ik-f&> tfy-y^UV^Tft 
5xi0! 7 atc»s/c»? J^<9iftK-CKn¥LTVvfc 
^ y ^P** 1 X 10 1 6 ~ 5X 10 1 7 atoas/cB 3 ( L < ti 

[0 0 2 0] fSSS^tciOSALTt: (KSWfcrSS 

^ y y/lii$^tv^ k#i.f>iT.& . 
[ 0 0 2 1 ] ifz. ^'J ayj&^-co^tffitt 

mm®mcomz&mtgt£Lxfflm mi&m) * 

%#l£A&ftk Lxm£r&ffi&Lt,z&?> t3£z-hixh. 
[00223 Z\<r>ffl,z L,X1&f£.ZtlfzmiM$L%- 1002 

%\,^^izmijzw&iz%:h tmmztiz. z\tn±. 
mtfcmzs. •y%FF-m±ir > z> vf±^ y ^ 

i o T fc =5: £ t^=Fm^ U 3 tfffiB z ti 

hfrt>X'$>&. 

[0 0 2 3] BP 7 ?. 01 OlCiJWT 1 0 0 2X'^Ztl& 

mzx.*>u*r-&)%:mm.k txnx-i&m-rz r&tt<7>l§ 

tFe&frj fcLTiISii9k#;L^ii-£. 
[0024]it. ^<Dl£^J£ B m?H±^WlC&8Hfc 
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[0025] JliOSlB»S!Uil{i700 X:2r®i.-S (ft 

mmiziim — noo'O ¥&m&\^§&x<trt>ix&iz 

&&&fzii&m£3&ftmzm&z&m'mMX 
Mt\^fc&ikxs&mmmi%LxL&o. s^tc m 

[0026] «£oT*^B«^Ji:. 13Lb<0«fcr LT^£> 
iiSBl 0{=^-t*t©tc*J^T. ^SS<7)#f*i3ttieE« 
IfefaOrtSOlRgS- r df-^ y r t: k ->xmMtfi)lzm4£Ik 
10 kji.&-£&gi«J kLT5^LT^S. 

[0 027] r^ijTtzt^XmmUzM.^gtMTk 

-h-sj k»±. ^yr^l^sastLT^iryT^ 

ttWAftfirV^ fc . 3i*JU*r-4Mzmm.t*Z ft-f^is* 
)V) < y TrfpfiRE Ur^ CI k =Sr k' k a t^fti. tt& . 

[0028] *$tm*±M<?>£ o tcmfcx-zc&tkiy&tz. 
m&zmm LxTFTtzim$tL^^mtmm<oiSitm 

20 [0029] £Lk<7)£ 3 ^:*^OlS«fcrov%T » JJlT 
Z>. 

[0030] 
[|y£M] 

«LfcS B a H 1±^M^, ilh7>y'x^ ( TFT) co 

fsam t L-xmm Lfzm^-r. m 1 iz^-tco^T f t 

[0031] Srfe\ 

30 isafl:#au, ^w^T-aziBs^-^tcis^stuti^te 

[0032] *-timmffi£ii-r&mfc 101 5:^^- 
*m&mxi±wtimi±izT)mk Lx&ivmm 

10 2 $r2000AO»S tc^K-T^ . BHt*£sSIJ& 1 0 20 
^S«kLT<±MaL^CVD&. r7X?CVDi. 

\- -/ ^S^r k* t ^tfSV ^ . 
[0033] Sris. »K*»MreafilS:*a»'ftr*IB. 

fc. K+t 5X10 17 — 2X10 1 9atoBs/ciii 3 C7)g^*^i 
[0034] * B B B «^M 103 5:200 -1000A 

(*5QS04t'li35O A) co^^tc^mcvDatio 

2 Hs. SiaHs ^) SrfflV^iTJfftV^. ^ttJ. iE»CVD 

afci vjmvtzit&w^mtiktrte^tnmizum 

50 S^^*vh$t->. d^^tiffl^^S^ffljE^-f"* 
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[0 0 3 5] ^ e H ®^Kl0 3O«|g^fcL 

mxh&. 

[0036] <kl~. 500 — 1200ACOSS <OKft^M 1 

10 4 fc&NMSSK 1 0 3 fc« LT- *y ^£S«Wft 10 
[00 37] RfcSSRRl 0 4W-ptSMS^Sa 

hmz&ftLztix^z. mi (a) ) 

[0 0 38] ifcfc. ffi^l?am^C±5V^TUV*S:Hgat 
U ^10 5tci-oTSML^f B H B ®^SKl0 3c7) 

20 

[0039]^. &^*m&t&±mjdmh lx 

Fe, Co. Ni, Ru. Rh, Pd. Os, I 
r. Pt. Cu, Aufr&MtitUZr^. «4fc«ia»«3H 

[ 0 0 4 0 ] «fc. m^cOi^K <*^WCttMt*» 

TIOOppb) T — ^ ^vPS:** Lfc— -/ 

Sic J: O^y^vUfc^UfcSfvvkRl 0 6S:®JK^ 

s . inwbsxr+wesii^ * - ^aKiiasaaaBfi 30 

fitSUW^k^^. (01 (B> ) 

^mmm<7)?i<.mftL$:'rt^fz&. 500 -700 x:. «aw 

(;Hi550 -600 'C^fflgT' 4—8 B^OSnfMyi (351 

coitSWOS) £Jn£T#*«n£*Ri 0 scoteAfcfcfi 1 
3. C3Ur»*«^RRl 0 7s6«»4>fL*. (01 

(C) ) 

[0042] teftrtiWittttifcJittlfilSA* 2 

i o 5T^tL^^^mm^Wj^^n^^z 

M&rtTfttt't&xv y h$tt%~>T^2>(DX\ ^Wl 
0 8T'^£fi£ X 3 ^A«*aJ»S--*iaifc|p|**->'C 

[O043]=5ri3, 1 0 9T'^$iV4<7>l±— y^uaSJn 
0 . 10 7 fcJt^T *V«firC- y 

or. a(cjg«-rsstt««iaaHiai*i 0 9Sri&vvt« 50 
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[ 0 0 4 4 ] iwc *s^^*^a«s*Ba3W*T 

^ - >y ^£3StRWfcaarr 4 /^vx^ftgjgh 
*ofcRfc3*R 10 4 £Bfe£-T4 o :oiS4^<y 7 

[0045] =5r*5. aWM^^-VTc^Sr^trSH^+T 

ows^^«*j:v/*«^^affi»aRi o 7 

lc*t LT-X^f yvix— tc J: 4 iF-T— — /I^£JS 

[0046] JWc. #^>tiXr^B a BltS^Ml 0 7 
--V^LTafcTFToaSttBt LTSIET^SStt® 

1 1 osjgjfct*. *^T'«±fittsose^a 

[0047] SttRl 10*JB«Ufcfe. SttRl 10 
JtJ=BMltt«*rc=flr*y>f M6ISR1 1 1 £200 -1500 
A( *^ftCTT*«i300 A) coif SfcjfiK*"*. F<t htfe 

mmi licof&rnmzi*. r^cvDS. mew 
x/^ ^^nos^m^m^ntiA^. 

[0048] tfz. Kfl3S3H^«*0(=afl^H^ 

[0049] mz. j^y^^i^^mz^s v >r 

a^^T^tc j: &&m7vmri<y»/ 9 v >rm3&mm l 

?stta 1 1 o*<D&wk7m (mz-v^ju) 
^-hzt^mi(tzm^fzi>cox'h^. (mi <d> ) 

[0050] ccoy y 9 v >7'<Vtl^tX&)Bmi±* * 

asT-*4. -twaToiaflrciiy^ h^j^i 1 iw 

[0051 ] ^cCOTzih. ^OjO^J^OfiJg[IEfflli:700 

^gi-^iaftT^vv jffib<fi800 — iooo°c (i^m 
mz{Z95C> *€) tL, JSa^BBi 0.1- 6^^. ft^j 

[0052] ^rt>. *se»«rc«±. <o 2 ) #am 

4»(C»LT«ft** (HC 1 ) ^0.5 —l0$m%(DWkj%. 
X'ttZittcm&^tZ&^X . 950 *C. 30^Jm^5& 

[0053] * fc. *|ISfi«|-CI±/Nn'Jr*V7C*^*Wt 

^f-X t LT . HF X NF 3 . HBr x Cl 2 . CIF 
3 x BC L 3 . F2 . Br 2 ^O/Nn^ySr^Wt^* 
«± fc«i«B«o fc <?> £ ffl v * 4 £ fc a*as 
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[0054] zcojLmiz&^xtemk* Mi&$a£&e> 
ism) coftmizi o *fv* y v:/£*u 

■y k % oT^+^MiR it* k 4>*t 

5. 

[0055] iot. iSttJi 1 1 OtfO-'y^vHix^" 
-f X#ttfc§^SSr^-x=5:V^mS ( 1X10"— 5xl0"at 
oas/ctf . &£L<liiffim*<?>xV>'®&aT) lz& 
X'iSMZti&Z t&S I M Sfl-fcHzJ: D5H8S*vt v> 
5. #33, TE&D lXlOiSattas/cB? fcH3MtiS IM 10 

sgus i Msfttfx-ft^tifzmmn&'mx'i* ->x 

[ 0 0 5 6 ] Srii . L> vttBX'lt&gkitnBhM: 

[0057] tZ^tf^ SfiOS I MS^WTJitSSrt 

&tmF&^mi3<ofmz%i'ixvi o*>x\ 

[0058]*^ y-/ * y V^Igfcfi^*:*^ 

V7C^A* 1X10 15 — lXl0 2 «atois/ca' COi&mTm?i~ 

[0059]4i5. - y IrMiSS&iteimizmfii. til* 

VtLXlF{±.LX^tzk%rz.t>tiZ>. ZLXy 30 

iz& <&&tz#mt%z. 

[0060] L*>LJiiei^±lEfl:ttf?ffl^*^tJV^ 
T. &m$ml^&X^h1ihfzfr&f&i!tifz^tt1^ 

mm^izimtmiz^xmwfa < sio* T^^n^is 

±^-T*coSdlftIgC J; -o X . JSalitti^ffilliStffclSSS 
TV^. 40 

[006 1] 4fc. jSfirb^j^^#{±v£tt^ 110 
wz&£tiz*m^nyy7tmiz£^x&$i2ixh 
*». ^yay^^s^ti-o-caia^ix. 

it^mimzx-yxmimmLxLUcox-. $wttti 
[0062] t¥-?r. 1 1 oaAoyysi^ 

*S£Jf 110 Zffi&t 50 
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[0 063] *7t. ±ISlngf!&U8£J:9?SttJIl 10t 

y-f Meisiii i l^mx'iimm^MjmmnL. & 
\wk<?mmm> i ffltiz:ixx m&e^smttmm&z 

tth. EH*.. HfeSffil 1 l<O^Ml«iCVDST 
^L^t^ffi^-t-mSiTJt^hSr^-frTSOO A 

[0 0 64] ±E/Nay*y#a^tcfett5JigS 
nmzteVtemz. msmmk^xyso -ci ^sseco 

[0 06 5] sit^i lonv^J x.-y+yrm 
*>s. *m&M<r>t%is. m&mi 1 oaxvs^iffiKfl: 

[0066] laJt^tLT. y>f hJ^K (g&SHfc 
I) 11 10»BAS-C»TL«:^. iXCy-f 
ffc-r-S/y^T^S-^AK (H^-f) 5r2500A«O®: 
? l;x^ ^ ^T- h ~>Xf&M?h . iW^S-^Al 

[0067] SriJ. ^UfeffiT(±y>f ( hffi 

[0 068] mz^ 01(D) iZ^rmizT/US.-^^ 
•ti-T33<. (02 (A) ) 

[0 06 9] r/I^S-^AJgO/t^— VI 1 2 

-ftSlfi (^li(i'^ra 3 F : 7-B5318-§-) - 
^SK-fhX^^i X . vn-^-VI 1 2<7)mffiM±%> 

nmft^mmam 1 1 3*qB*sii*. *h^0st-j± 

-IcoSSS-fhMl 1 3WM®Sr0.7 jwmt-TS. 
[ 0 0 7 0 ] 02 ( B ) ^-r^7LH#c0l^S&-ftJg 1 

I^SK-ftM 114 & . S^^gS'ftM 1 1 4 

<O$yit±900 Ak-TS. 

[0071] VX±.'7>TMZmx¥4 hmsi 1 5 
**M5£-r-&. g^^SS!-ftJSl 14tt. t^cOX^tCfc 
WCSM Hill 1 5<?3«ffi£«SUfcD-. tn-/n 
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[0072] «fc. fltfl&IHHMfcRl 144T'?gj£L & <r k & . 4fc. xey^-hStMt 

t^^>. £<oWB£isvvcy-*/FW £ zcoT^^tzmmzmK-CLtfr-c^ . x/i — hco 

P^^^fflOTFTSrfHH-tS^rfeifB (#ov) >f V-Xfffil 22k KU^mSil 23 

^OS^fcfrittftv*. 3^>fc3 5 0 < CO*S#H^+tciJ^r 

[00 7 31 ^Xfilcfctvr. SXM&^R^S&hi iD^gi$:fT^-ktcJ:0. ^F^f^fcK-fci&tTVv 

8h*V-X«*l 16fch*Myfai 17MMES 02 (D) tC^TFT#3&£-T& 0 

ix&. 10 [0 0 83] 02 (D) fc5^TFTtt»BH<03tWftfc 

[0074] jjcfc. BMkuvfCkfiKk^a^Lfca jpw^aeafc^Tv^*^ ^&mfESxs^*»;r 

^rvaAti. *^>y-x/HU-f MRW*JMW"*BJ: [0084] <r<I"C. HU^SI^TSttSl 1 0£*gj£iT 

0i>fiH-XiTtotfi : 5rM-&. (02 (C) ) ■ ^coffig^S^-C*^S*t30^T^W^ . 

[0075] V-XW116, FWMRW BKW4H3fcfflV^Tfr*d . 

117 k Ji«LT5FWa«a<0«^. fia^Fft^S [ 0 0 8 5 ] *3gM^£3gttLJt*^ «-«4fc»4tt« 

118. ii 9imi$>2ii.&. ^Lxyj hWfei 1 5 ^afi^^m*P¥-fTizf&£:~tz> fz&. * 

fiRW«k*4. 20 ^4£«^£»OTfc«ft^*c:fcT\ #MR±fcl4tt 

[0076]^, ***MWgLmm 12 0k K W V im&£&^&+&tti:&&^»t& <T k^Tfg 

fgjsi 1 7 tcomizmm^ihtcis^^mmmi 1 9 t-£>&. - crmtn^zm^tcM^^r ^ & 0 

JSWfcLDD (^>f hF— 7*KWV««) ffl&tmi [0 08 6] <r zx^tmM£^&m&±t f zw&m : £ 

*U f-**7WB£»«l 20 k FW Utco &&Lfz— IBiW*H3(c*c*\ H3tc5icr<Ott. 

S(^ffi^a^^ss^^*i'r^s!^^^"r^ , f^^h'j ? xssiSse^s * tzhfz->x 

[0077] ^vm&mm 120 ( s^icii 1*301 jjc-e f y ^ x^s^^vst^-e^ 

#t«4^tia«fe H B B^rtS5) U*tt±rt:tt3MtWfc:JHt 

#^T»j£3=h-TM4. 4 tz ^mmzM^^ [0087] =Sr:B. 3 0 2<rmm.X^ihhW&\±- v 

u^u* s «a»«o**fciffia^r-& ) 30 3 0 3iiMfis^«o^o^^T 

V^SJ:0^^%S^^v^a«*Cft^^k. M^i^gWjrSWttl^^tJ)^ . Clit^ 

(±SH«fcP^B k v^o^ttftSasanL^^T^ F- t±S1M*»J£Lfc«ti;Hl3^ 

^ST* £ £ k *»* L T . <I k trT & „ 

[ 0 0 7 8 ] § *>fc. ±IEO^a*>f ;t^O&AXS<?!> [0088] 4 fc. L^#ST'&b b b^£^ 

a. u-^-^rz{im^ifz\tm\-±comM^o 3ro*§^\ $ttt£tt±&^£kt±-v^mimmm3o 

>^E7J^S<M^it*«^ig8WfT*i>ix4 . [00891 ^1, S3 3 0 4 
[0079] 4fc . 7k*ffc«l3Sr300 —350 'CO^KE - k T\ ^ k . #H£4 ;fctta#tef!tf> 

HT0.5 ^l^Hffdka^WT'fc*. ^XS»i?Stt 40 SiSEtftk a-TS^riFi^SiiS^ k#T-§4. 

«A»fe^*«lB»(CJ:oT^L^»*S^&SlX* L**t>. -v^a^*«3 0 2 £S«3 0 1<03S&»£> 

»i lxi0 21 atonB / cb3 £l"F. ffiKii ixio^— 1 a<o«=a:«*S:»KfS C: k^iBT** • 

xi02iato«s / c«3 OiftK"C**^aSflnS*L5 . [0090] cliO«=Srafltk-r-6 k . f-r^;^Plk#t 

[0080] ia LT02 (C) {^tmum^tvk *4fc«ia*^ftOM*^k#-^6*lkfc:*S. 

fe. ^tcSS^Kl 2 lj»t6. ^^g^l 2 1 fiO*>. TFT(7)SttihUil£tl.Kt;, *+*/WB 
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